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• • * Definitions. .^ " .• * 

!• Algebra is the art ofirefoiving (liificuk queftioos 

more readily than by the rules ©f common arithmetic' 

■ In stigebra, the value of quantities is exprpiled. by'.fome 

letters /of the alphabet, which have fometimes figures, and 

certain characters added t6 them, whereby .their value is 

ing:dHed, or iimxniflied ; and each letter may r^prefent any 

quliitity at plealure. But, generally, ■ the iidib' Tetters in the 

alphabet,/?, 5,.c, ^, &c. are ufed to fignify quantities, the 

'value wbereqfis'known ; and the latter letttrs, as •«;, jT, j^ $s^ 

&c. are u^d for quantmes wh|ch ar^ unknown : the letters 

-aurt tbeo nonaged according* Iq {he rOles of art. 

. .2. The- fign '+ fignifi^ adda(i<m^ and in algebra it is called 

'f>las ; h demotes that the cli%ra<S&rs qr letters placed on each 

. lidc of it are to be added tog^ller, .thus, a+b (ignifies that 

• ''¥01. II. • E •* the 
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ihc quantity cxprclFcd by a is to be added to that rcprcfciUg^L "/. . • .* * 

• by-^. Thus, \f a (land for 3, and 6 for.6 ; then tf-f ^ iviU* *■ '..••.' 

be equal to g, " "i "* , ■ 

3. The ilgn — (ignifies /ubit\..'1ion ; and (liows th^fcHie 
quantity following it is to be fiibtraftcd from the quantity ? 
preceding it: thus, a — b fignifics that the quantity rcprew : 
fented by h is to be fubtradted from tliat rcj>rcfcnted oyVi;/ 
as, if A was 8, and l- was 3, then a — b would be equal* to" 
S : this fign is called minus, ' ^ 

4. The fign + rcjwefciiting addition, i^. called a /to^Jfxr, • 
or an affirmativr fign. Tlie fign — , fignifying fubtra^houi 

is called a negative ^igru , . " ' ' . • 

• • • • 

{. LiLe*figns arewbeii {tycra] quantities have all 'the fign \ • 
+.or-^; an^finlikt figns arc quantities where : fome ^ave f 

. t^lefi]ga -h,vand others the fign — .* 

6. The figQ = denotes equality^ and is placetl between 
two qf gTitities, to fliqw they are equal : thus, a^b fignifies • 
that <x|inil-/ are equal to epch other, « 

7. Tlie.fign ^ Hands for ynnltiplication^ and fignifies that* 
the quantities, plaoetl on.eacii (\(\t are to be multiplied toge- 
ther : tliiTS, ^ Jc y fi^jjnilles the ^uanliiy a is to be multiplied by , 
the quantity-^; as^ if a beeqnal to 5, and b equs^ to 6, 
they -will, jritn t^c prodi:<rt, frar.d thus ^x ^=30, which ^ Ty 
fignifiies'that «' multiplied by ^ is equal to 30. 'But the,pro-i ■ | ,' 
dud of two or more fimple quantities is generally ggpified 

by merely 'jofqiiig thf ; letters. Thus, the prod u A of- A\c ■ 

■ ■ 

above quantity is exgrefied a b^ and if there be ^ree or more • 
quantities to be'^ tmitiplied together, as ^x»^,)^f,*they UilU '• ? 

be ex^reilcil tbus^ /z ^ tf. i. . . ' " ^. J, 

8. The fign [-r. ex|Mtfle^ dmjlou} thus r^-ri ligqiSesr ';.*•. 
that a is to be divided kff b ;' &u$ this fign \9 not diucb ufed. If 
for divifion is generallv e}ft)rnled in the manner of a fVaAion 1 

thus, — and. — : — fignifirs- tAjit is to be dn-ided by b^ and.. ' ; ' 

^ ..-^-H^ . . '■'■•;' 

ji..^:div]ded by c-^J. - ' '• ■ '^\\' •; • 

9,-;The fign c« fip^ifie* tnc difference Brtwetyi two qiia'u^ 
■ ••• ■ ; i'.'tiiicsi :' 
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ties: thus, au^h flands for the difference between a and b. 
Thus if a (land for 9, and h for 4, aJi^ reprefents 5. 

10. The fign c" or 7 are figns of majwity^ and fliow 
that the quantity pk^ before the fign is greater than that 
which follows it : thus, azrii or ayh^ (hows that a is greater 
than b, 

1 1 . The fign "n or >i fignifies minerit^j and (hows that 
the quantity placed before the fign is le($ than that which 
follows it ; thus, « il /^, or au-lf^ fignifies that a is lefs than h. 

12. The fign V is the fign of the /quart r99t. It alfo 
expreflles the culjc root, biquadrate root, &c. by placing 3 
or 4, &c. over it ; thus, V^, or ^a, or ^a^ denote the fquare 
root, cube root, and biquadrate root of a refpeftively. 

13. Itrjoimiiom is the raifing of a quantity to any power^ 
according as it is joined to the figures 2, 3, 4^ &c« refpcc* 
tivelv, 

14. The fign lu fignifies evlution^ and denotes diat the 
quantit)' to which it is joined is the fquare or cube root, fcc« 
as it is joined tu the nunibers 2, 3, Zee refpeftively. 

The prjjer of a quantity is often exprefiled in algebra by 
placing a figure over the quantity; thus, a\ aS,andtf% de» 
note the iquace, cube, and biquadrate, of a refpeAively ; or 
the fecond, third, and fourth power ; and the figures S9 3f 
and 4, placed over <z, are called the indices or exponents of 4i« 

1 5. Like quaHtities are thofe that confift of the fame letters, 

as 0, 4ii + 2^1, or b — %b + ibb^ ice 

i6. UnUke quantities Q.oxi\i& of different letters ; astf, sif 
3f; or2fl, cd^d, 

17. Simple quantitia confift of one term onlyj as 4i^ or 
3«*, or i2d^ &c. 

i8. Compound quantities coD&Si of feveral terms; as a -fry 
1^—^ &c. 

19. A vinculum is a line drawn over ievenl quantitie^ 
and(bows that they aretobe taken as a compound quantity; 

astf+^— f. ^ 

M« The coefficitnt of • quand^ is tbc number prefixed 

Bft . to 
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to it; as 6<i; here 6 is the coefficient, and (ignifies that the 
quantity </ is muhiplied thereby. 

'21. A binomial quantity confids of two terms; as ^+c. 
A trinomial quantity^ of three terms; as tf + ^+r. A quar* 
drinemial quantity ^ of four terms ; asa+^+r-f^. 

22. A refidual quantity is a binomial, where one of the 
terms is a negative one ; as a— ^. 

23. A rational quantity has no radical iign. 

24. A y«r^'^a«///y is that which has not a proper root; 
as the fquare root of b (\/^)» the biquadrate root of bh 

2j* The iign : :: : (tgnifies ^v^rz/cxr ; as 5 : 10 :: 40 : 80, 
that is, as 5 Co 10^ fo is 40 to 80. 

26. An equation is the comparifon of two quantities which 
are equal to one another, having the iign of equality between 
them, as 5, 9=6, 8, which iignifics that j and 9 are equal to 
6 and 8, or 14. Of equations there are fcveral forts : 

X. A dependant equation is that which may be deduced from 
fome others. — 2« An indepatdent equation^ that which cannot 
be deducible from another — 3. h pure equation^ that which 
contains but one power of the unknown quantity. — 4. An 
offered equation^ that which has fevcral powers of the un- 
known quantity. 

Axioms, 

7. If equal quantities be added to equal quantities, the 
fums will be equal. And if equal quantities be taken from 
equal quantities, the remaincfers will be equal. 

2. If equal quanrities be multiplied by equal quantities, the 
products will be equal. And if equal quantities be divided 
by equal quantities, the quotients will be equal. 

3. If equal quantities be raifed to equal powers, the pro- 
duds will be equal. 

4. Qiiantities equal to any other quantity are equal to one 
another. 

5* The whole is equal to all its pans taken together. 
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OP THE FOUA SINGLE RULES Of ALGEBRA. 



OF ADDITION. 

RuLF I. When like quantities having like figns arc to be 
added together, add together the coefficients (if there be 
any)^ and to the fum preGx the fign, and fubjoin the com- 
mon quantity. 

2. When the quantities are like, but have unlike figns, 
take the difference between the fum of the affirmative coef- 
ficients, and the fum of the negative ones ; to which differ- 
ence prefix the fign of the greater fum, and annex the 
common quantity. 

3. But when the quantities are all unlike, they cannot be 
brought into one fum, but mud be written down one after 
another, prefixing to each its proper fign ; as in the following 
examples : 



•jab 


i2flV+ 2al 


— I0x*f—%e^ 


l%ai 


ga\-\' ^ab 


— 7^'7*— 7«* 


gab 


I0^*f+ 2ab 


— 4;r'7* — la* 


aab 


4^V+ lab 


—lix^f— a^ 



$oab Sum. 3S«V+ i2ab Sum. — 52**7* — >2d* Sum. 



Where there is no coefficient prefixed to a quantity, the 
coefficient is I. And when there is no fign prefixed, the 
quantity is afiirmative ; as In the quantities of the firft and 
fecond of the forc^going examples. 

Exmmfbi 



OP ALGEBRA. 



Examples of like QuantitieSy and unlike Signs. 

— 7,ac — ycJ-^f/e -\-i%a'o^ — tit- — I2.r* 

— 2ac — ^ai'\'iig + 2 1 a*^* — Je — I tx^ 



Unlike Quantities, and unlike Signs. 

— 2i^ + 4xy — x^ + *y 



SUBTRACTION. 

Rule. Place the quantities one under the other, and 
change all the (igns of the fubtrahend ; that is, wiiere there 
is an aiRmiative fign, place a negative one ; and vice verfam 
Then add the quantities together, as in addition. 

Examples^ 
From +2c*i* — cJ From — a5+6«*— 9^^ 

Take + a^6^'\'cJ Take ^^S^^cd+x^ 



Subtra^ion, as well as each of the other four rules in alge* 
bra, is proved in the lame manner as in common arithmetic *• 

* The rcafon of this rule U evident from hence, that if a decrement 
or a negative quantity be taken away from anaflSrmative qiiintity» the 
remainder will be the iame as if an increment or an affirmative quantity 
of equal quantity be added to the original quantity. For ctrcry negative 
fjuantity always decreafes the value of any quantity with which it is 
joined. Thus, if — & be taken from a-*^, then will remain «, and if 
•44 be added to «i^^, the fum it likewife «. 

MULTl- 
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MULTIPLICATION. 

Rule. Multiply each term of the multiplier into every 

term of the multiplicand : that is, the coefficients into the 

coefficients, and the Icitcrs into tlic letters; and to each 

prefix its fign ; viz, + to like figns, and — to unlike figns. 

Examples, 
Multiply ja Multiply 3^ Multiply — 5^'^ 

By 3^ By 5*:* By +7^*^ 

Produa iifl^ ProdutSt i^J^c^ Produft — ZSc^d^ 



Mult, ya — 3r Multiply a^^ai+c^ 

By i2/i + 4f By — a + ^6^ 



8400 — 3 6ac — a ^ + k^b — ac^ 

+ 2Sac — 12CC + 2aH^ — lai^ + 2f*i* 



Pro. -|-84fltf— 8flr— I2rf P.— ««+a*^+2iz»^*— «f* — 2tf^' + 2c»^ 



The foregoing examples may be proved by divifioni as in 
common arithmetic ^. 

* This rule dq}cnds upun the fame principle as multiplication in com- 
mon arithmetic. And th'ai iwo quantities having like iipis, (hould give 
a product with the fign -^^ and two quantities of unlike figns the (ign 
«->, may be proved from hence : viz. 1 . If an aflirmatlve quantity be 
multiplied by an affirmative quantity, the pro(lu6k muft of courCt be an 
affirmative quantity. — 2. If a negative quantity be multiplied by an af- 
fitmattveone, the negative quantitymuft be taken us often as there are 
units in the affirmative one, and the fum of any number of negative 
quantities will be negative. And if an affirmative quantity be multiplied 
by a negative one, the affirmative quantity muft be fubtra6led as often 
as there are units in Che negative one ; and the fum of any number of 
negatives will be negative. — 3. Again, if a nci;ative quantity be multi- 
plied by a negative quantity, the multipliciind is to be fubtrucled. as 
often as there are units in the multiplier : but, to fubtia6l a negative 
quantity is the fame thing as to add an equal uffinnative one : therefore, 
the produft will be affirmative. From hence the general rule, that 
like (igns produce -j-» i^nd unlike (ignn — . 

DivisrOiV. 
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DIVISION. 

KuLE* If the quantities be fimple, divide the coefficient 
of the dividend, by the coefficient of the divifor, and pbce 
the anfwer in the quotient; annexing thereto thofe letters in 
the dividend, which are not found in the divifor: obferving 
that like figns produce +, and unlike figns — . 

2. But if the quantities be compound, divide the Hrd 
term of the dividend by the firfl term of the divifor, and 
pbce the refult in the quotient. Then multiply the whole 
divifor thereby, and fubtraft the product from the dividend, 
and to the remainder bring down the next term in the divi- 
dend. And repeat the operation as in common arithmetic. 
But the terms in the dividend fhould be ranged in a proper 
order, that is, according to thedimenfions of fome letter; the 
quantities reprefented by a being generally placed firll ; thofe 
by i or a ^ next, as follows ; 



Examples, 



itahcd 


2^aH^d 


o 





4/7 — 6c) i6abb — 2^hh{^^h 
i6abb — i^bh 




— ^)3<z' — 12a*' — ba^-^-ioab — 2^-(a*— 4^+2^ 
3/?' bo*" 


I2iJ* 

•^r2<2* 


-{-lOab 
+ 4-i 




+ 6ab^^b^ 
-\- 6ab—2b'^ 





When 
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When tbe diviibr will not exadly divide the dividend^ as 
is often the cafe, the dividend is to be placed over the divi* 
for, and a Une draw^i between them, likea fraiflioa, throwing; 
out fuch letters as are found in both tbe diviforand dividend. 
Thui^ If «^+r3 was to be divided by aS^e^j k would fluid 

thus, - ^ ^ = ~i: ^^^i^ ^^^ power of a quantity b to 



be divided by any other power of the hme quantity, it Is 
done by fubtrafting the exponent of the divifor, from that of 
the dividend : 



S E C T. m. 

OP FRACTIOMJIL aUANTITlCS* 

Bjbfokb the fiudent proceed to equations, it is necei&fy 
that he know how to manage fractional quantities; and 
to raife a quantity to any given power; and, on the too* 
trary, to extraCb the root of any quantity; to manage furd 
quantities, Sec. 

The rules for managing Algebraic FraCHons are cxa^y the 
fame as thofe for Vulgar Fractious in arithmetic, and there* 
fore need not be repeated ; as few perfons would attempt 
Algebra, till they were fufficiently fkiUed in common arith- 
metic. An example or two may, however, be of fervice. ' . 



* To prove the reaibnof this role, that like fignsgive -f » and unlike 

figns , it is only oecefliry that the dtrifor be niiikipKed by theqvo- 
ticnty and tbe prodaft will be equal to tbe dividend. 
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Example i. Reduce the mixed quantity « — ,toafnic*> 
QOB* Here ^ , t is tlie fraftioa requiicd. 

ExAMPLBi. Lettbefraftion — ^-^bcrodocedtoatmxfd 

quantity. Here dividing ^^— ^? by 4t the quantity will be 
i, and the remainder — ^, and therefore the mixed quantity 

will be 3— <^-^-% 

Example 3. Reduce the fraAions and _ to frac- 

hd f 

tions of the fiime value, having a common denominator* 
^ adf chf ebd 

** Tdf hdf bdf ^^ ^^ fra^ions required. 



Involution 3 or, to find any given Power of any givej^ 

Qmntiijf. 

RT7I.B. Multiply the quantity into itietf as often as the 
index contains units, eicept one, and the laft produd w«U 
be the req«ifed power; or^ which b more convenieoti laiil- 
tiply the index of the fuandty by the index of the power. 

Thus, let it be required to raife the quantities ^-Irt and 
to the third power, or the cube, 

^ -fir 



i* +2if+t*=: Square 
£_+£ 

h^ -f 3iV-f3 if»-i,fi~ Cube. 



•BS*- 



OP At&^Mk. It 



^— r Root 

^— 2^f-fr*= Square 



Tbefe quaotities are raifed to the thini power only ; but by 
die iaiiie meibod of proceeduig, quantkies may be rai&d to 
aoy li^her power. 

If a trinomial, or qnadrinomial, &c be required to be 
raifed to any power, it will be bed done by taking the firft 
or the laft term of the quantity, and for aA the other terms 
ibbflfbite any iingle term. Tbefe two* terms beiog nnibd 
to the required poW^, tbe anfwer will be obtained by repto« 
dng, inftead of the fubftituted term, the proper tduc; 

Thtts^ if it be required to ndie i — c'^d-^^-^g to the 
ibuith powcTi far the terms ^ — e^d^^, fiibftitute tbe term 
m^ thea tbe quMitity wiii be ^'¥g% which being raifed to tbe 
fMMthppwer, tbe qoMidty a may be talkm away, and tbe 
proper ralue placed infiead thereof in the piMnAy which 
the learner may prove at his leifure. 

In involving a fra6tional quantity, both the numerator and 
ddhotnihator milft be raifecf rb the required power, by which 
a new firaftion will be obtained, being the anfwer of the 

quefiiom 'Hiua^ the third power £ k^ . 

tf -. 
The Binomial ihwem^ invented by tir Ifaac Newtw^ is 

die^mofi ^elegant and ooncife method of nufiiig a quantity to 

any power^ and is as follows : let n denote any number at 

c a pleafure, 
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pleafiiit^ and lee a 4-^ be a btaomiil, then the nii power 
thereof will be as follows ; 

by tf +w*~' ^+ — — ."^V^ *— 3^1 



i.» — i.rt'-'X 113— -i.if-— 2.«— 3.11— 4 ^ ' • 

+ -:"*'* +- — —^rk »«. 

I. a. 3. 4. i^a,3,4,5 *'•«*- 

^And the nM power of.4i — i, is expreiled in die fiune 
manner, except that the iigns of every odier term will be 
negative. 

To illnHrate this theorem, let a+^ be involved to the 
third power. In thb cafe, the index is 3, which muft be 
pbced in the theorem inflead of «, then die firft term will 
be 41 5, the iecond term 3^ «— *i=:3i^^ ; the third term» 

?iL?tf i-.»^=>i^», the fourth term VHHl a > ^H^szb^ : 

% ax3 

the fifth and following terms are equal to nothing. There- 
fore thefe four terms together, or the third power of «4-A» is 

4iaM-3ii**+3«^+**- 

It may here be obferved that the coefficients increafe tiU 

the indices of the two' letters a and h become equal or 

change values ; then they return or decreafe agun in the 

£une order : thus, having the coeffidents of half the tenni^ 

the reft are known. 



Evohaion ; or, to exiraSt the Root of a given 

Potver. 

Rule i. If the quantities be fimple^ extra6b the root of 
the coefficient for the new coefficient, and divide the index of 
th^ letters by the index 'of the power, and the quotient ^fH 
be the root required. 

Thus, thefquare root ofaji^ will be iil^itf and Ac 
cube root of a 7jr' = yx^js jx. 

RtTM 
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. RuLB a. If the quantities be compound, after nmgii^ 
the terms according to the dimenfions of fome letter, fo that 
the faagheft power of that letter may (land firft hi order, aai 
the 16wer powers of the fame letter follow, according to the 
dimeniions of their power : take the root of the firft term, 
asd place it in the quodent, and if it be the fquare, or cuIk 
root, fubtra^ the fquare, or cube thereof, from the iirft teim, 
bring down two^ or three of the next terms for a dividend,. 
^ according as the cafe (hall be the fquare, or cube root ; then 
ptoceed to find the divflbr as in extrading the fquare, <ir 
cube root, in commonarlthmetic. And if the root of a higher 
power be to be cxtraftcd, it is performed in the fame manned 
as in common arithmedc 

Examples. 

Example i. What is the fquare root of 

36**+io8jr*+8i(4jt»+y •• 
36*^ 

i2**-f9)-f io8;r»-f8i 
+ io8«* + 8i 



Example 2. What is the (quarcroot of 9;^* + 1611* 4-4^ — 

Example 3. What is the cube root of 

x^ — 6mr^+i2xy* — 8y^ (jr— 2^ Root 






Surd QuantHUs. 



When a quantity has not a perfcSt root, it is called a iuid 
quantity ; and the root cannot be exprefled any other wa^, 
than by either inferting the quantity with its proper radical 
^gn, or thro«riiig itinto an infinite feries. Thus, the fquate 
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foot of Of can be exprefled in no other way than by ^a, or 
s^i the cube root of ^ by ^6* or ^; the cube root of 

^9 reduce a rational QuantUjf to the Form of a Surdm 

K VLB. Multiply the index of the quantity by the index of 
the furd, and over the product place the radical fign, and it 
will be the form required. Thus^ let 3 be reduced to the 
form of V5* Here3*x% or 3*3=91 therefbrt| V9 is the 
iimi required. 

Again, let a* be reduced to the form of a cube furd of the 
form of ^^ Here tf'x '=«• and ^a^ is the furd quan- 
tity. 

To reduce Quantities of different Indices to other 
Quantities equal in Value, and having one given 
Index^ 

RuLB. Divide the indices of the quantities by the g^ren 
yidex», and the quotients will be the new indices of thofe 
i^uantities. Then over the faid quantities with their new in- 
dices place the given index, and they will be the equivalent 
Talues required. 

Example. Let 12^, and 9I, be reduc€4 to equal quan- 
tities, having (he common index -J. Here J-7-|.=|=, the 
index of the firft quantity, and J-r|=i=, the index oi the 

lecond quantity, therefore, iT})} and 9JI j, are the quan« 
titles required. 

To reduce a Surd Quantity to its mofifmple Terms. 

KuLE. Divide the furd by the greateft power which i^ 
contains, and place the root of fuch power before the quo* 
dent with the Judical fign between them. 

Thus, 
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Tbusy kt^ $2be reduced to its moft fimple terms. Here 
it Is tbe greeted fquare number that will divide 32, whidi 
being divided by 16, the quotient is 2, therefore^ ^^ Z h 
the fiird required, ^_^ 

Again tbe moft fimple term of the furd V^^a^^h 



Tojind whether Surds are commenfuralle, or not* 

Rule. Reduce the furds to the lead common index ; ant^ 
the quantities, if firadioDs to a common denominator, except 
when like terms are commenfurable; then divide them by tbe 
greateft common divifor, or by fuch a diviforaswill give on^ 
l^tional quotient, and if botfi the quotients are ratipnal| the 
furds are commepfurable ; otherwife, not.' 

Example. Let ^27 and ^^Z 12 be given to find whether 
ihey are commenfurable ; ithefe two furds have already one 
common index, and are equal to ^3 X 9, and ^/3 X 4, re* 
fpedtively. Therefore, divide 27 and 12 by 3, and the quiK 
lients are ^^9 and ^4? <^t is, 3 and 2 ; thereforei they aff^ 
^mmenfurable. 



To add, orfultraSi Surd Quantities* - 

Rule. If the quantities have unlike indices, reduce then^ 
to quantities with like indices ; and fhi£^ipnal quantities mu(t 
be reduced to a common denominator^ or to other fra6lions. 
that have rational denominators or numerators ; then reduce 
the quantities to their iimpled terms, and if tbe furd part be 
the fame in all, annex it to the fum or difference with the 
iign X ; but if the furd part is not the fame in all, the quan- 
tities mud be added or fubtra^ed by Joining them together 
y iih tjjc fign -i- pr «-? . 

EX4MPL1 



.X6 or ALGEBRA. 

i —— — i M 



.Example z. Let V32 4/72 be added together. Heiv^^s 

=v^i6xa=4^a; andy^72=v^36xass6v/2,andtbefuiii 
=4+6x A/2=io>v/a. 

Example 2. Let ^4^9 and 4^^^ be added t ogether. 
Herc^4ii:* V i6fl«=:2 ;j^fl'». And;i^a»= 4^tf* x«*=«4^tf*. 

Therefore, their fum =x<2+Tx"^a*=:tf-f 2 x v/<»« I^ it ^o^ 
lequired to have fiibtra6ted *J\a from 4^^^, the remain- 

dStf would have been n— 2 X ^a, Alfa if ^^i* — -•« ' + >•/ 
be added to 2^^*+ -x/a-p-v's, the fum will be 3-^fl* — 

To multiply and divide Surds. 

Rule. Reduce the furds to the fame index ; and the pro* 
dg^l or quotient of the rational quantities bein^ annexed to 
the product or quotient of the furds, will give the product or 
^otient required. 

Example i. Multiply 2/^/2 by 3 v^3, thefe furds have the 

fime index already, therefore, 7>C3 xv^a X3=:6^/6, thus, 
6^6 is die produft required. 

ExAMPLi^a. Multiply ii| by ^|. Here a^^za^j^*^ and 
i|=35)rx> therefore, their pro(lu(5l is a^S^]^, 
Example 3. Let x^ be divided by >v-j+>^, this is the 



&ne as if the dividend x{ was multiplied by ^j+jj ; there^ 






lore, the quotient ^, ' ^ 



Involution or Evolution of Surd Quantities. 

Rule. If the furd be a fimple quantity, multiply the in- 
dex of the quantity by the index of the power, to which the 
find is to be involved ; or by the fra/>ion, t.xpreffing the root; 
to which it is to be evolved; and if there is a rational part, 
its proper power' or root is to be prefixed thereto. 

Comfwund 
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Caaofoond fords are inToWed and exta&cd as integers or 
latuMiai quantitksi haTiog regard to the dpeiatkm of fimpk 
fnrds. 

ExjLMPLB I. What is the fquareof iiv^;r? Here die 
Square of assaassa^ aud t^stszxi therefore the fquart of 

ExAMPLB. What istbecubeoftfi/jri? Here the cube 
oftfstf% and the cube of ^x^^t/x^*^ therefore the cube 

Example 3. What is the cube root of a+jdii Here 
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AH^Equation is the mutual comparing of two equal quan- 
titiesy having the fign == between them. Thus, if tf be 
equal to 3, and ^ to 6, and r to 4, and 4/ to 13, then, a added ^ 
to i, will be equal to J made lefs by c; and is thus expreflcd 
in algebra a-)-^s^<«*r. 
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To reduce an Equation* 

When a qucftion b brought to an Equation, in order to 
underftand the value thereof^ the quantity or quantities 
fought mud be placed on one fide of the equation, and the 
known quantities on the other (ide. For this purpofe^ the 
following rules muft be attended to : — 

Firft. When any quantity is exprefled on both fides of the 
equation, it may be entirely reje^cd, or thrown out of both. 
Thus, if 3</+ 7*=4f — 1^+ 7*. Here yx fliould be rrjefted 
frpm both (ides of the equation, then it will (land thus. 

Second. When known and unknown quantities are both on 
the fame (ide of the equation, the known quantities muft be 
brought to one (ide of the equation, and the unknown quan- 
tities to the other (ide, and thofe quantities fo tranfpofed 
muft have their figns changed. That is, thofe which have 

• 

the (ign +, muft, after they are tranfpofed to the other fide, 
have the fign — . And thofe which have the — ^ muft, 
after tranfpofition, have the. +. Thus, if 10+5=^: — 5: 
here if jt be the quantity fought, — 5 muft be tranfpofed to 
the other fide of the equation with the fign -\- ; it will then 
ftand thus, -|-5 + io + 5=jf: therefore 4r= 20. Again, what 
is the value of x in this equation? 24— 4 jr+ 10=60—124:. 
Here +24 and + 10 on the firft fide of the equation muft 
be transferred to the other fide, and -f- 12* on the fecond 
fide of the equation being transferred to the firft fide, 
it will ftand thus, — 4x+ i2x=:6o — 24—10. And by fub- 
tr:^Aing ^ from i2Xy and 24 and 10 from 60, the equation 
will be 8^=26 : therefore *=3J. 

Third. 
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Third. If there be fradions in the equation^ multiply 
both fides of the equation by the denominators of the frac* 
tions; and the produd will be the true integral quantities. 

Example i. Reduce the ^6tional equation «+_=<• to 

X 

integral quantities. Here, by multiplying the whole by x^ 
we ihall have ax'\'b'^=zcx. 

Again, If there be given ^ \ — =.f, then will a^X'\-^ 

a'\'X X 



Fourth. If in the unknown quantity there be a furd, all 
the other terms muft be tranfpofcd to the contrary fide, and 
each fide of the equation involved according to the index of 
(he furd.; and if there be more furds than .otiey the openh> 
tion mud be as often :epeated as there are furd quaotitiea. 

Thasy if -v^j^+ffi+^szc, by tranfpofing «/, the equation 

will be V'jF+fl^r— </, and by fquariifg both fides, fli 
equation is j?»+«4?=f*— 2c</+i/», thus thp equator is fitcd 
from the furd. ,.,...> 

Fifth. When any quantity is multiplied into both fides df 
the equation, or into the highcft .term of th^ unkrtown quan- 
tity, divide the whole equation thereby. Thus, the equa- 
tion 5^«^z=3^f Is divided by ^, and it becomes 5«*=3f j again 

if it were divided by c it wpuld be **=lf. 

5 . 
Sixth. When the fide of the equation containing the uil* 

known quanthy is a pure power, or when beihg afFe6^cd it 
has a rational root, extra6t the root froni both fides of the 
^uation. Thurfin the equation tf*=^»-f-<2jp, the eqoaticHi 
will be «= VF+IT. Again, if ^^+4^+9=25^ be given 
by taking the fquare root we have ;r+2;r-f-3=5r. 

Each or all of the foregoing rules, are to be ufed as hu^ 
be necefiary, till the equation be brought to a proper form. 
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Examphi, wherein the foregoing Rmles appear. 

£zAMPLB I. What is the value of ^r, in the eqaadon 
10+^ =x6. 



By fubtrattng so from each fide of the equation, wc have 
^ s6y both fides of which divided by 6, the quotient 

it> ■='! this multiplied by is— jr, gives 6sxa— «*» 



whence by tranfpofing jr and 6, we have 4rsia— ^y or 
BzJLMPLE a. What is the value of jt ij| die equation 



-+* 



^siMT'f P. Here multiplying by a+Xf there camet 



out iw»+tff*==«4^Xtf+jf,or«r*+fl^=stf»jr+fl^+tf*»+ 
I^^Ti which txinfpofed and ordered according to the foregoing 

Jo that if ASS I, ^ssa, rss^ then will x=:IliZ2s= x« 

Example 3. What is the value of 4r in the equation 

V^«*+**=. ^i* +**. Both fides of this equation being 
jailed to the fourth power, we have tf*+a«*jr*+jr*=^*'f-jpf, 
which by tranfpofidon, &c becomes atf*.x*=ri^— o^, whi^ 

• divided by a4i», becomes 4f«=f!Z^,thertfore*=^3f. 

Example 4. What is the value of x in the following 

equation : *=* v c*+jrVi»+j?— tf. In this equation x+csz 

V^+*^^+**i which fquared gives **+2fjf+f*=f*-f 
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ir-/i*+*», or «»+ac«=s*V?+?j dividing this by jr, it 

i(U0lef jH-arssv^FTj?; thii fquared pves jr*+4fjr+4r*= 
i^+j^f and by traoijpofition it beoomet ^cxsit^ — ^4^^; 

and dividing fay 4^ we haTe^rsi 



To exierminaie an imhnoum Quantity out offeveni 
Equations ; or^ to reduce two or more Equatians ia 
ajh^leone. 

RniB. If the quantity to be e^cteni^nated has but one 
diaienfion in the equation, find the Tahie of it in two eqoa* 
tions, and put thofe ralues equal t6 each other ; or having 
Jbund die vahie in one equation, fubititute it in the room of 
the quantity in the other equations. Proceed in die fame 
snannerwith every unl^Qown quantity. But if the quantity 
to be esc^erminated be of feveral dimenifions, find the value 
of its higheft power in two equations. Then if the coefi* 
dentt are not the fiuiiei multi{4y the lefs qiuuitity, fo that it 
may becomeequal to the greater. Put thefe values equal to 
each other, and there will arffe a new equation, with a le& 
power of die unknown quantities: and the operation lauft 
be repeated till the quantity be exterminated. 



Examples^ 

Example i. What is the vahie of je andjr in tbde two 
equations, jx-^^/sxiS and 34^4-4^=55 ? By tnuifpofing 18 
in the firft equation, and 5jr, we have 7;^— 28=5/1 therefore 

the value of jr b ' . , 

S 

Jo 
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In the fecond equation by proceeding In the fame iiian« 
jier, viz. : — By tranfpofiug ^x^ the vahie of y is found to 

l^iillH; therefore^ diefe two qatntities being put equal 
4 

to each other, we have the equation ^^ ^ — ^. -> I« 

5 4 

this equation only x is concerned. Multiply this equation by 

sOy which is the production of 4 and 5 ; or, which is the fame 

thing, multiply the numerators and the denominators crofs^ 

ways, and there will arife the equation %Sx — 1 1 2=275 — 1 5^» 

which by tranfpofition becomes 43jr=387, orxs=-i*-i; 

43 

therefore, x=g ; therefore, 9 being fubfKtuted in either of 
the given equations inftead of jr, the value of jr will be found. 
Thus, in the firil equation if 9 be fubfiituted fbr Xf it will 

be 63 — y s=a8> which tranfpofed is -J -==7> or 7==)r. 

Example 2. Required the value of x^jf and x, in tlie three 
following queftions : 

5+xco=y4-«; y+iiopss2x+2x ; x+ ioos=:3<ir+3>9 by 
tranfpofing :ioo in the firfl equation, x^y+» — 100 arifes, 
which value fubilituted in the other two equations, inflead 
of Xf we have the two following :— - v 
jF+ioo (:=2y+2z — 2O0 + 2a)=2y+4as— 200 
x+ioo (=y+3»— 300+3;^)==6y+3aj — ^300, then by 
tranfpofing jr and 4JB — 200, in the firft of thefc two equations 
WC have 300 — 4x=y, which fubftitutcd for the^ in the lafl 
equationi is x+ 100= 1800— 242+ 32s — 300, that is s-f 100 

= 1 500— 2 jx ; wherefore 22s= 1400, or «= =63/x5 

22 

tberelbre, ^^=300— 4s=:45iV, and *=>+«— 100= 9tV 
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Of the Nature and Compofition of Equation^ am* 
taining different Dimenfians of the Jame unknown 
Quantity. 

It often happens that the unknown quantity will be of 
fevend different dimenfions ; then fuch equation is called a 
quadratic, a cubic, a biquadratic equation, &c. according aii 
the dimeniion of the highefl power is a fquare, cube, or bi- 
quadrate : in fuch equations we mud difcover the root or 
value of the unknown quantities. 

All equations arc derived (or may be confidered fo) from 
thofe of a mote (imple form. Thus, if x — 3=0, which is 
a limple equation, be raifed to the fecond power, there ariies 
jc* — 2^;r+^*=o> which is called a quadratic equation ; if the 
former equation be raifed to the third power, we have 4f '— 
3^jf*-h 3^*af— ^'=0, which is called a cubic equation, and fo 
on. It is but feldom that equations occur in this regular 
form, for the coefficients of the terms will generally be more 
or lefs than thofe produced by the involution of one quandty, 
as X — S^ and therefore a quadratic equation is a compound 



one, generally derived from x — 6xx — r. A cubic equation 

is derived from x — ^ x a — c x x — ^. A biquadratic equation 

from X — 6 X x — c x x — J x x — r, or from a quadratic fquared, 
Zee* But, the letters ^, r, </, &c. may have either affirmative 
or negarive figns. 

In equations of this nature, as the whole is equal to no- 
thing, it b obvious that fome or other of the factors muft be 
equal to nothing. It is alfo evident that any fuch equation 
may be divided by its fa^lors, till there remain only oneiaLC- 
tor ; and as each of the inferior equations obtained by fuch 
diyifion mud dill be equal to nothing, it mud follow that 
each of tliefe ^dtors themfelves are equal to nothing; th^re« 
fore, ^, c, df f, &:c, exhibit fo many different values of x 
with contrary dgns ; therefore eveiy equation has as many 

roots 
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loots as there are dimcnfionf of the unknown quantity in its 
bigheft power. And where ^i r, d^ e^ &c. are found n^* 
tfve!» X k affimiadre; and where any of tbeie are affimmdret 
X is negative. By multiplying the ftftors or roots together* 
under different figns, it ii obfervable than when ^, c^ d^ Zee. 
are all negative^ or, which is the fiune thing, when all the 
Talues of 4rare affinnative^ the figns in the equation are -l-^ 
and — ' alternately. But when there is a neg^dve root, one 
affirmative quantity will follow anotW; therefore, there 
will be as numy affirmative roots in the equation as there are 
changes of the (igns from -|- to — , and from — to +, and 
all the wtH will be negative. 

What is here delivered, concerns only poffiUe roots. An 
impoffible root is when ^, c, i/, &c. denote the fquare or any 
odier even root of a negative quantity : an equation de* 
rived from fuch roots is an impoffible or innginary one : if 
fhere be one poffible root, the equadon will adroit of one pof- 
fible anfwer. 

In the mulripUcation of the roots of fuch equations, the 
coefficient of the fecond term is the fum of all the roots with 
contrary fines ; the coefficient in the third term is equal to 
the fum of the re6bingles of thofe roots ; or, of all the pro* 
du^ that can poilibly arife by combining them two and two : 
the coefficient of the fourth term is equal to the fum of all 
the produfts that can poffibly arife by the combinadon of 
them three and three, ice ; and the laft term b always equal 
to the produft of all the roots with contrary fines. 

The Refolution of Quadratic Eqiiations. 

If it be a pure quadratic, as x^z3ti\ or**— ^sis«, it b pro* 
duced from the rectangle of x — i and j? +^t ^^ therefore has 
one affirmadve, and one -negadve root, and the affinnadve 
root b equal in number to the negadve. The root in this 
cafe is found by extra6iing the fquare root of the number 

dented by A*. Thus, if4f'+=S76,th^*a8 + A/S76^+»4* 

All 
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AU other qgadnties are comprehended under fome of the 
following forms : viz. «?-tr23jr =+</=«; or,«* — Abx-^Jsso; 

or, 26x — «^4ti^=9; and this lail form, by tranfpofition| 

becomes the fame as the fecond form, only the negative roots 
are changed into affirmative roots, and the affirmative into 
negative ; therefore we nuiy coniider the two other forms as 
aj^licable to all cafes, and in the foludou of them it will be 
more commodious to tranfpofe d^ and then they will (land 
thus : «*+a^4f=-fyand x* — 2b x+d. Now if to each of thefe 

equations be added H^ (the fquare of half the coefficient of the 
fecond term) we (hall have in the former cafe x^+2Sx+^ss 
+</+^*, and in the latter cafe**—a^;r+^*=+^+^% and by 

extrafting the fquare roots, the equations become ;c+^s= 

•/l^dJ^ zxiAx-^bzsks/ +^+^ refpcdbivcly ; and ;r in the 



former cafe =^ +</+^^ — ^,and in the latter =y^ +<^+^*+^ 

which expreffions give the affirmative values of ;r ; but 'the 
fquare roots of the above equations may alfobe — x — ^=. — ^ 

-f ^ + ^* and — X + ^ = — >/ + </+ b^ refpeftively ; and therefore 
in the former cafe ;r= — a/T^+^+^i and in the latter 
=— v'+^+^*— 3, That is, if 5^^7+^+^, where d is 
+ or — , according as it is -|- or — in the fecond fide of the 
given equation; then in the firfl cafe, where ;r*-fa^;r=+</ 

the values of + * are +^4-^, where ^ is -— or + according 

as * is affirmative or negative; and in the fecond cafe, where 

;r* — 7.hx^ +^/, the values of + jt are +5+^, where ^ is -f- 

or — ^ as ;r is -f or — . 

ExampUsm 
Example i. What are the two values of ;r in this equation, 

«'+64r^2295? Here ^=3, and 2295= -f J, and \^ +^+^* 

=:\^2295+9=:48=£,and +^+^= + 48+)=:+459 and 
—J I for the two values of x, 

ExAMPLB 2. What are the two values of xin «* — ri;r=: 
—29? Here ^sVS and — 28s— ^ alfo ^^o|, and 

vox. IX. B ^f 
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V^-h/+^*=\/ — 18 + 30 . ^SBBy^ft • a5"B'i • S«»*; tod 
4.^+^c= + i . 5-1-5 . 5=s + 7, and +4 the two vilaes of*, 
which art here both affirmative. 

To increa/e or dimini/h the Roots of Equatkm* 

Rule. Subfiitute a new letter for the unknown quantity i 
the gjven increment, or + the given decrement ; and fiib- 
fiicute the powen thereof in the equation, inftead of the un> 
known letter. 

Example. Increafe the roots of the following equation by 
ft .*^+*^— iojr+8=o. Let ;r-h3s«i or »— assx^ then 

jr'=»l-2)ijr»=«— 2/*and— iar=— lOXK— 2=— io«+20 
then the powers of x being a^hially invobred, and the fe- 
vera! terms coUcAcd, we haveAr»+jc* — lojr-f 8aBX»-^5»* — 
2S+ 24.^09 where the roots of « are greater than thofe of x 

by 2. 

Thus all the negative roots oi an equation may be made 
affirmative, by increafmg them with a proper quantity. 

To compl^ie a deficient Equation, 

RvLE. Increafe or diniinini the roots of the fquation, by 
fome given quantity, as fliow n in the la£l example* 

To muliipltf or divide the Roois of any Equation^ by a 

given Quantity. 

Rule. Multiply or divide any new letter by the given 
number, and fubdicute its powers in the equation for the 
unknown quantity. 

Example. Divide theroots of the equation jr3—24r+^ 3==o 
by </ 3. Here by putting x=y^ 3, and fubftituttng it for jr, 
we have a^'^/s— ayv'3 + ^3=0, which, by dividing Ky 
's/h ^ 3>^ — 2^+1=0 for the equation required. 

By this rule, fraftlons and furds may be taken out of an 
equation, viz. by dividing the new leoer by the commoo 

deno* 
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denominator ; or by multiplyiqg the new letter by the furd 
quantity. 

To take away any Term out tf ofi EquaiUn^. 

RvLE* Add an unknown quanti^ to a new letteri and 
fubftitutethis fumand the powen thereQjJf for the root in tlie 
jlren equation ; then any temi| or any of thoiCe quantities 
wherein the new letter if of the iame power, being put into 
an equation, and made equal to nothing, will ^e the value 
of the unknown quantity, which bring put into the equation 
wfth ciirnew kner,* the power of the iiewktter, which was 
equated, will vanifh, 

Bxaimple* 
SuppeiTe #*— 34r* + 3jf>- J*— aato 
Put>^#tft4r then jr^asyr^-f 4ty*'+y'*+4J'*'+^4 

it the fccorid^terW is tb'be taken away, wd M? e /^^e-^sr^ 
=b ; and 'dividing by>', 4#— 3 =:0j or, e:±|,whichiftlUBti^ 
fdr^, tlie Itcorid term will' vaindi. ff the! thhd tefiii it to 
Mtkk^ away, v^e have 6^^^— -9^+3/=^^^! and dIHdiiig 
%y they, wdhitre'd«*-^-f 3s±b, ftorii whicfr ^vUbaric 
equadon e may be det^ritlined. In Uke miiiinar dief fourdi 
terA niay be taked away by'folving the^ cubicequation ; add 
the Sfth tedh 1»jr fdlVldg a^blquadmic eqitittSon, Btc 

To refolve or extroB the Boot of a ctdnd Eqnialan. 

RirirS. Take the iccond term of the rqua^n away, as 
taughtin the laft example; then the equation will be in this 
fanUf M^ +4ur:s:i, and the following, general expieffion wUI 
gfvethevalue of jr. 

B a j« 
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There are feveral other particular rules for the folution of 
biquadratic and othnr higher equations ; !>ut the method of 
approximating the roots of equations has fuperfeded all the 
other methods, on account of its difpatch. 



To approximate the Roots tf EqutUunUf m general, 

RuLB. By feveral trials, choofe fome number to reprefent 
the unknown quantity, and Aich a number that approaches 
pretty tftar to the true value. Then alTume fome letter, as 
V, to denote the e£Fe^ or excefs of the number fo found, 
9nd put that number + or — v, iuftead of the unknown 
quantity in the equation; by which a new equation will 
arife affedied with v only, and known quantities ; wherein all 
the terms that contain two or more dimeniions of v may be 
reje^ed as iuoonfiderable in rcfpe^ to the reft* This being 
dqne^ the value of v will be fuund by a iimple equation, 
whicb, a()dcd to or fubtraded from the faid number, ac- 
<;ording as it was taken, too little or tqo big, will give a 

^un^ber ftill nearier the truth, Then with this number and 
the letter v^ proceed as before to find aoother value of v^ 
yffhich muft be applied as above: repeat .the. operation till 
the unj^oowp quantity be difcovered to a fu$cient degree of 
exa^lnefs. 

£ XA|iPJL|E, Let it be required to find the value of x, in 
this equation, x^ + 2/\xzs^BySi^ Here by a few trials it 
will be found that # is fomeihing above 80 ; wherefore, let 
S6+v=jr;' then,4r^s=5isooo+i92000v-hi68ov+v'« and 

''ii^=igiO'i'%4!o. Therefore (receding thofe terms affeaed 

with 
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withv* aad v^) we have ^i^i^o+ i^2%^vsi^Sygt^ and 

19224. 19224 / • ' ' 

l^ves 83 . 8 for the approxiinate vahie of xi this Mug fahf 
flituted in tlie equation, it will be found too great ; therefor^ 
for another operation take 83.8— v=;ry and ;r3 =588480.47* 
«— 2io67.32Vy and 24^=204 1.2— 24^1 imd coufequently 

590491.672— 2io9i.32v=587'9i4i and vsstlillu^^ 

21091.32 

0.1222 nearly. Hence jrs83.8—-o.i222.=s83.6778. true to 

five figures, and the fixth being too much by only two. 

If the operation be repeated,^ will give the anfwertrue to 
eleven figures. But when five or fix figures of the root have 
been obtained, and more exadneis is ftiU requiredi it will 
ihorten the work to fcek a corre£Hon for %. inftead of one 
for the whole root, wlucb may beiiad by fubfiitudng the laft 
▼alue of v+ or -r (new) v, infiead of the lafi v in the 
equation, including all the powers of the laft v, but rejefi* 
ing thofe of the new v (in the equation, thence ju-ifing), as 
before. 

Thus, in the hft example^ the whole equation, including 
the terms afieded with v* and v% is 5i392o-|-i9224vH*- 
16801^+93=587914, or 192249+ i68bf^-|<v3=: ^3994, 
$nA in this equation putting 3 • 8— v^ inftead of 9, and re* 
jeding the terms of 9* and 9' as before 1 a corredion will be 
obtained for the laft found 9, which will give the anfwer as 
above. In Jikt roanntr, a fecond or third correction may 
be found, and the operation carried on to any dqpree of 
esnftneis. ' Thb rule doubles the number of figures true 
in the root at each operation. If the term wherein 9* is 
foqnd be retained, v will be hn/d by folving a quadratic, 
and then treble the number of figures will be had each time ; 
therefore, if the firft figure only be uken true, m*ne or taa 
figures, will be had at two operations. This rule affords 
Tarious thcmcms for folviog particular equations as well as 

general 
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general fermidis idipteii to dl, of which I (halt- girc two 
emsple»: 

ExAMPLB z. «*-t-6grs6r49;sr. Htre^ by trial, it will 
be found thst jr is aboTJ; 260; therefore, let loorsr, then 
— n^ssf — raoo tod f-^-f*-^ir=rao295. The divifion is as 
Mbws: 

The Operation. 



ar+*=r4o6 (—45=245=^?) 



t>g40 \soft95(45aBfi^«idr+«— *»MO 



if (new) +^=s4»6\ 245^ 
sr^-i+ ti'*=g49g 

ExjLKFir^. Agifoy for a ciiUc equattoo, let j^^^S 
x^^ditszck Plrtr+t«Ba»,fowin*«Vsrr»+^jrH;+H^3M-f 
v»; Ax*==M;^airw+^, alid J&irsiA^+A. Henoer'-f^ 

+ ^r^+2ir+Jxv+y+Sx^+iks=:Cf (v'' being reje^fed, 
as inudi in* compariflm- of the reft,) and by tranfpofitioh 
•f 3y*+3^f^+^Xv+3r^#X^=r— f«--^-^ and var+ 

^"^ ^ T" which b wrought after the fiime 

nvuiner as the Lift example. 

TVyjftttf ^Ae JLtfUif ^ of JSqtMwnSi^ 

Wlilen an equation contains fevdritf unldnowh q'tfantities, it 
will admit of an infinite number of fblutions, when both frac- 
tional and negative numbers are admitted; for all' of thttn 
but one may be taken at' pleafure, and' their value fub(H- 
tuted in the equadon, wTikh quantity will de determined. 
iBut {bmetinfes both fraiftiohsd and' negative quantities will be 
Excluded froiii an equation, and' fuch equation will be cool- 
fined to a determlhate'iiuinbcr dfiotutions. T Aally there* 

fbre^ 
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fore^ affign the limits of fuch equations ia the following 
cafes: 



CASE L 

Whenjeveral unknmvn QuaniUies are in one Equatimi 

to find the Limits* 

RuLic. Tninfpoie all the negatiye quantities to the ooa* 
trary Ckie, that all the terms may be affirmati¥e; then to 
find the limits of any one quantity, fuppofe all the reft to 
vani(h in the equation, then the value of that one will be« 
come detenninate, and will be one limit thereof. And to 
know which limit it is, fuppofe the other quantides to in* 
creafe, and become of fome certain value: then if the value 
of the unknown quantity under confideration, increaiei it is 
the kafi limit; but if it decreafe, it is the grcateft. 

When fractional quantities are to be excluded, inftead of 
fuppofing the other quantides to vtoifli, put each of them 
s=i, and an equation will ariie, from which the limits ot 
the remaining quantity will be found as before. Proceed in 
the fame manner to find the limits of the other unknown 
quantities. - 

Example. What are the limits of ^r and^, in the equatioa 
i^'h 5^=67 ? I^ciy^o or be fuppofed to vanifh, and then 
4^=67, and ;r=:t6|. Now let jr be fiippofed to be equal 
to fome quantity ;^ then it is evident, that as y increafes, x 
decreafes, therefore i6| is the greater limit; wherefore « \t 
lefs than i6|. 

If x^9 then j>=67 andjr 4- 13^. Now if jr be fuppofed 
to increafe, y will decreafe ; and therefore 13^ is the greater 
limit of>r; whence/ is lels than i3|: and the lefs limit of 
both M axid > i* •• 



CASE 
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CASE II. 

To determine the Limits of three or more unknown 
Quantities, when they are in two Equations* 

■ 

RuLB. Fix upon z quantity to be limited,, and expunge 
one of the other quantities; then there will be had one 
limiting equation. Do the fame with another unknown 
quantity, and there will be had another limiting equation ; 
from each of which equations find a limit for the quantity 
fixed on. 

Example. What is the limit of jt in the two following 
equations? jr4'jr+s=:56,. and 33;r-f2qx+i6K=ia32. To 
exterminate/, multiply the firft equation by ae, and there 
ftrifes 20x-f 20> + AOs=: 1 120 ; fubtra^ this from the fecond 
equation, and we have i2.r — 4a{=ii2; then excluding the 
fra^^ions, the lefs limit of x in this equation is ^ 

Again, to exterminate k, multiply the firft equatioA by i6, 
and fubtra^^ the produd from the fecond equation, and there 
remains i6;r+4t>'=33^- And the greater limit of j; in this 
equation is 2o|. Hence x is greater tlian 9I, and lefs than 
2o|. In the fame manner may/ and 2 be limited; and fo 
alfo in any other equation. 

Of indeterminate Problems. 

Example. What is the lead integer for the value of x, 
that will alfo caufe the value of the following fiaftion to be 

an integer? — =^~ 

c 

Rule. Divide the denominator {c) by the coefficient (a) 

of the mdeterminate quaotify^; then divide the divifor by the 

remainder, and the laft divifor again by the lad remainder, 

and continue this operation till an unit only remains. Write 

down all the quotients in a lioei ai they rifiri under the firfl 

quotient. 
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«piotient write an unit, and under the feoond qnodetic write 
the firft qiiodent ; then multiply tbefe two together : to the ' 
produd add the firft term of the lower line^ or an unit, and 
jplace the fum under the third term of the upper line; mul- 
tiply in like manner the next two correfponding terms of the 
two lines together, and add the fecond term of the lower 
line to the product; put down the fum under the fourth term 
of the upper line ; proceed in the fame manner till you hare 
ii(ldfl{)lied by every number in the upper line. Then mul- 
tiply the kft number, thus found by the abfolute number 
{^), in the numerator of the fb^ion, and divide theprodu^ 
by the denominator; then the remainder will be the true 
value of X required, provided the number of terms in the 
upper line be even, and the fign of ^ be n^ative ; or that 
the number be odd, and the fign of ^affirmative: but if the 
number of terms be even, and the fign of h affirmative, or 
vice verfa^ then the diffiekence between the faid renudnder 
and the denominator of the fradion will be the true anfwer. 



Operation. 



The given fradion 



ax-^i 71*4-10 



f "^ 89 

71)89(1 1.3.x Total quotients 

18)71(3 1. 1.4.5 

17)18(1 10=^ 

I CO Produft. 

t — i 



Here^ if the produa jo be divided by 89, the remainder 
is 50== the lead value of ^r. 

In this rule it is always fuppofed, that a is lefs than c ; and 
that they are prime to each other; for if they were to addnt 
of a common meafure, whereby h is notdivifibtc^ no inf^er 
could beaffigned for jr, fo as to give the value ofthefradion 

-—1— an mteger. 
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Example 2, What is the lead value of x zndy in whole 
numbers, in the equation 24* — 13^=16? Here by tninf- 

pofing I y^y and dividing by 24, we have x=z .^ ; and' by 

24 

tranfpofing —13;' + 16, we have j^=i^^ L; therefore 
the leaft value ufjr:=8, and the lead value ofx=i^, 

Tofyd the Value of a FraQion in an infiniie Sirm. 

RuLB. Divide the numerator by the denominator, and 
continue the opmtion as far as is neceflary. For in many 
cafes, after the quotient is continued to a few terms, it may 
be feen how the terms converge, and thus any number of 
terms may be affigned at pleafure. 

ExAMFLE I. What is the value of _ 






X* 

x* 



x^ 






.^c*— ■ 



*• 



x*-^x 



f 



.**<> 



If a qunntity, which b not a frafbion, is to be thrown into 
an infinite feries, it muil be brought into a fradion, by 
placing one underneath it, as the denominator. 

After a few terms are found in the feries, the law by which 
it converges will fbon be difcovercd, and the terms may be 
continued tn any numlser. 

Sometimes the fenes cannot eafily be difcovered by realbn 
of the coefiidents; then it will be neceifary to aflume a 

feries ' 
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ieries with unknown coeflicieiits to reprefent it ; which being 
multiplied or involved as the quefHon requires, and thfr 
quantities of the fjune dimenfion being put equal to each 
other, new equations will be had, wherein the coefficients 
may be difcovered. 

Example 2. Suppofe be the given quantity, and 



the Sffdmed {tritsbtjf+Bx+Cx^+Dx^+Ex^j&c. =— L- 

Multiply both by 1*— «, and there arifcs is=,aji+aBx+aCx* 
^(tDx^'i^sEx^Uc And—Jx^Bji^^-Cx^'^Dx^^cc.znd 
hf equating the coefficients of the iame powers of x, aAsz. i, 
4|£— M^aO, tf C— £=0, 02>— case, tf£— D=so^ &c ThulH 

I ji 

In the fifft equation ^=s— ; in the fecond equation ^:=:-. 



s=i.; in the thiid C=±=-i ; in the fourth 2>=rr=: 1 
andinthelikeooanner £=!.; therefore, -i— broughtto 

afoies, IS ^ 4-^-1-^+^+-^ «c. 
* «* 41^ <i* <«^ 



Some of the Properties offquare Numbers. 

I. All even fquare numbers arc divifible by 4 ; therefore^ 
if a number confifts of two even fquare numbers, it wUl be 

divifible by 4. 

3. Any odd fquare number divided by 4 leaves a remainder 
of X ; therefore, if a number confining of two odd fquare 
numbers be divided by 4, there will be a remainder of 2. 

3. Therefore, if a number confifting of an odd and an 
even fquare number, be divided by 4, there will be a re- 
mainder of I. 

F s 4* From 
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4. From hence it follows, that if toy number compo&d of 
tvoiquare numbers be divided by 4, it cannot leave a re* 
inainder of 3 } thereforoi anuhiber compofed of twofquare 
Bumbersi cannot fidl within tlus progreffion 3, 7^ 11, 15, 19^ 
%$f && 

5. Any number ending in ft, 3, 7, or 8, is not a fquare 
number. 

6. The fum of any number of terms of the feries i, 3, $, 
7, 9, II, &C beginning with the firft, b a fquare number, 
whofe root is equal to the number of terms. 

7* The dtfierence between any two iquare mimbers It 
ffqual to the produft of the fum and difierence of dieir Tomt% 
Thus, If m and ^ be the roofs, then 4f-|-^x«*^s4t^*^% 
and the fame is alio equal to the fiuD of the two roots, to* 
gether with twice the fum of the roots of all the interme* 
dkte fquare numbers. Thus, the difference between 36 and 

9=6+3+2 X \/ 16+25=9+ 18=37. 

To refolve queAions of this nature, the chief pcrint ia, la 
make fuch afHimptions for the root of the required fquare^ 
or cube, as ihall, when involved, c^ufe either the gjieia 
fiumber, or the higheft power of the uhkiiown quantity, to 
vauifh from the equation; whereby at length there will be 
only one dimenfion of the unknown quantity, and fo the 
quefiion wall befclved by reducing; the eq\uitJQn. 



SECT. 
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SECT. V. 

THE RBSOLUTION OV 8BVEEAL ALOSBRAIQ PROBLBMt* 

Qj^. X. What are thofe two numbers, the luro whereof is 
X08, and the proportion of the lefs to the greater is as 5 to 7? 

Let X repccfi^t the g^reater number, then 108 — ^ is equajl 
to the le(s number ; and the proportion of the numbers will 
be as follows : 108 — x :«::$: 7, thefe four quantities beings 
in a dired proportion, this produ£k of the two means ^x i» 
equal to the produd of the two extremes 756— 7^:, there* 
fore, we have this equation J;irss7j6— 7;ir; and by tranf- 
pofing 74^. we, have 12x^1^,6, Hcncc^ by dividing 756 l^^ 
13, X is found equal to 63, which is the greater number, 
therefore, xo8 — 63=451 the leis numben. 

Qy. 3. Bought apples at fix for a penny, axid pqir^ ^ 6>6 
for^opence* The number of apples and p^ars to|[ctber 
was jopi the money given for the wlple was ax. a^; hpn^ 
ni)u\y wei»ji|ere of each fort? 

Let a repiefent the number of applet then, >po— ^ w^l Ul 

the number of pears : and as 6 : iJ.xxa t-f-^s, price of the 
- -- - 



apples. Alfo,as5:a4f.::ioo-^«;i:!:;;i^ 



by 30, g^ves 5^4-1300 — 13^=;:78#. By tr^pofing and 
.diyiding 70=1390— ySp =499, and by c^viiiop 4fs6o^ 
Ae number of apples; and 100— -6q=40, tbb number, of 

Qu. 3. It b required to divide the number xa8. into four 
fuch parts, that if the firft pait t>e addpd to 7, the fecund 
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made lefs by 7, the third multiplied by 7, and the fourth 
divided by 7, the refuhs may be equal among themfelves. 

Let the four parts into which the number 11 divided be 
reprefented by the letters v, x^ jr, «. Then v+7=:4P— 7= 

7jrs^will reprefent the ibur quantities; and from the 
7 

equality of the two firfl equations we have ;r=:v+7 + 7i 

from the equality of the firft and third equations jf=s--Lly 

7 

and fifom the equality of the firft and fourth z^v-^yx 7= 

yv-f 49 ; therefore, by coUeding thcfe together, there arifei 

v+7 

^+ '4+"y" + 7''+ 49= *a8. By coUeding the terms and 

tnmfpofition 9v+!!Zl2=65; and multiplying this by 7, 

^ oolleding the terms, tranfpofing and dividing, we have v=7». 

7 + 7 , 

And hence *=7+i4=ai ;^=— — =2, and«=c:7+7X7 

9*98, the fevend parts required. 

' Qu. 4. There are two cubical jMeces of marble, the fide 
of one exceeding the fide of the other by three inches, the 
folid inches of both are 2457 inches ; what is the length of 
the fid^ of each piece ^ 

,1^ the fide of ieach piece be reprefented by . 4r, then the 

fide of the greater will be *+3, and *'+jr+ 3^=2457 
inches; therefore, 2jr'-f 9«*+»7Jrc=245o; this equation 
fi>lved, gives jr=9, and confequently jr=ii2. 

Q^v -$. A gentleman left -a fum of money to be divided 
among three fenrants, in fuch proportion, that one half of 
the fhare 6f the fifft, one third of the fecond fiiare, and one 
quarter of the fiiare of the third, fiiould be equal to 62/. ; 
mnd one third of the fird, one fourth of the fecond, tn4one 
fifth of the third, equal to 47^ ; and one fourth of the firi^, 
\one fifth of the fecond, and one fixth of the third, equal to 
38/. ;— what is each fervant's fliafe ? 

Put «=:62, ^=47, and ^=38, and let the three fiiares 
required, be denoted by x^ jr, and s ; then the conditions 

of 
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of the queftion will ftand thus: iL-^L+^Lzza. — +J! 

a 3 4 3 4 

+ — =3. — +^+---=r. Thcfc equations broui^ht out 

5 ^5^ ' 

of firadions, give 6x+4,y'^^»^i2a .20k+i^+12%ss 

6o^ . i^x-^i2y+ i02=6oc. Here by fubtra^ng the fecond 
equation from four times the firft, in order to exterminate x^ 
there arifes 4;r+;r= 48^1—60^ ; then, by taking three times 
the third equation from ten times the firfl, we have 154^4- 
4^= 120a — i8or, which, fubtra^ed frg^ four times the lait 
equation|lcavesx=72a— a4o34.i8or=a4;whereforejf=484f 

— 6oi — 4;r=:6o and x^IffZ^-flZi^ = 120. demonfirated 

thus : 

24+6o^.^=xa+ao+3o=6a 
a 3 4 

^+^+'J1^2 + iS + 24=A7 
3 4 5- 

?1+S?+Ii?=6+ 12+20=38 
456 

Qp. 6. A grocer bought 120 pounds of tea, and as many 
poUnds of coffee ; he had one pound of coffee more for 20 
(hillii^ than of tea, and the whole price of the tea exceeded 
chat of the coffee by 6/. ; I demand how many pounds of 
fea he bad for 20 flkiliings, and how^ many pounds of 
coffee? 

Let the number of pounds of tea bought for 20 (hillings 
be reprefented by x, then the number of pounds of coffice^ 
for 20 (hillings, will be 4r-f i, and the whole price of the tea 

will be l^ pounds, and that of the coffee 12SL pounds ; 
• * *+i 

therefore, if2— -J!£2.s=6; wherefore, i2ar-f*ito— 120« 

X JP+I 

s6x*4-6r, therefore «*-f 4r=20 ; which refolved g^ xs^^ 
the pmiodsof tea for 20 (hillings, and ;r +13:5 die pounds 
of coffee for 20 (hillings. 



/ • 
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Qu. 7. Two travollers fet out oa a journey at the fame 
time ; the ooe fets but from C to go to B, the other from B 
to go to C ; they both travel uniformly, and in iych propor- 
tion that he that fet but from fi, four hours after meeting 
^Ibc 'Other, knives tt C, and the other arrives at B, nine 
boars aforr meeting. How many hours did each perfon take 
to perform bis journey ? 

D 



B 



In this figure, D is the place of their meeting; put ^=4, 
^=9, and AT for the number of hours which they travel be- 
ibre they meet. l*heh the diftances they liave travelled, with 
the fame uniform pace, will be to each other as the times 
in which they are defcribed ; therefore, B D : D C :: at, (the 
time in which the traveller who fet out from B goes the dif- 
tance B D,) : <>=: the time in which he travels from D to C; 
and by the fame manner as B t) : D C :t ^, (the time the 
other traveller goes from D to B,) : x:^ the time he goes 
from C to D ; now as jr is to a in the ratio of B D to D C, 
and ^ to ;ir in the iame ratio, it will follow, that &sxia::6;Xf 

Whence o^^ab and irtx^/^^sd, therefore, a+^o^aerOi 
jfitid h^i/ah-sz^^^ are the twotiumbers required. 

Qu. 8. The fum'of three numbers in geometrical pro- 
)>ortton, and the fum oiP the fquares of three numbers being 
given } to find the numbers themfclves. 

Put a for the fum of the th)*#e numbers, and b for thdr 
i^tntres^ and jr, /, and -« for the numbers themfelves, then 
^ie fhall havca:+y+«=<», and »*-fy+j6*=^and x%^f^ 
whence, by tranfpofing y in the ^r^ equation, and 
involving both fides to the fecond power, there arifes 
**-f2J«+«*=a* — a^f+J'S from which fubtra6ting the 
fecond equation, we have 2jf«— ^=tf* — ^^-^-f" — h\ but 
i^ by tiifc third equation Is ±=a>*, th^refeitri fi^* — 
f't^i^'^^^^f—b^ or i^— aoy— JaBO, wlMCe^ ^= 

a 

7 
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— — — . Now to find ;r and jKy wemuft look upon^ as a 
2. 2a 

known quantity, and then by the fecond equation we (hall 

hare **+ai*sr^-— )% from which fubtnM^ing 2:i:«=2>^ wc 

have x^ — 2x«+z*=^ — 3^'*, and by taking the root we have 

X — jB=\/^ — 3y, but by the firft equation ;r4-s=ifl--y, therp- 

fore, ^c^'^Zll^^IElZ and x^!!l2:zZEi>l 

a ' 2 

Qy. 9. A farmer fold as many fheep and oxen as brutight 
him 100/.; for the (lieep he received 17 (Inliingi each^and 
for the oxen 7/. each. It is required to know how many he 
fold of each ? 

Let the number of flieep be x^ and tliat of the oxen y ; 
tlvn we have this equation Z7;r+i4qy==2000, and confe* 

quently;r=i222i:li2?=ii7-8^+ZiZ:^ which being t 

whole number " ^ orllZl! mud therefore be a whole 

number likewife ; whence by proceeding as above, we have 
|rr=7, and ;c=6o, and this is the only anfwer the queflion will 
admit of. 

Qjj. 10. What arc the dimeniions of a cubical block of mar- 
ble, whofe fide in inches is exprefli-.^ by t. -o digits ; the fu- 
perficies of ihe block is equal to 864 times the fum of the 
faid digits; and its foiidicy is equal to 576 times the fquarc 
of the fum of the faid digits ? 

Put X for the digit in the place of tens, and ^ for the digit 
in the place of units, then lo.v+J' is cq^al to the fide of the 

cubeand loTj^* x 6=864 x^r+^jorTcTljl* =144 ><•*'+> 

Alfo, I oi'+^J ' =r 5 76 X ;r -f^ I* per queftion ; and multiplying 

thefe equations crofs ways, we iiave lav+'j' x 576 x *+y = 

< 44 X X -f > X iojr+j?|^. Then dividing both fides by 1 44 X 
VOL. II. O r+y 
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^•¥y X iOx-\-y]\ wc have x+y x 4= icxr+jr, or 4^+4;^== 10 
jr+3', and by tranfpofition 3^=6;r, therefore, y=2x. This 
being fubflitiited for j in the fomner equation, we have 

iar+2*)*= 244X1^+2* or i44r^=i44X 34:, and dividing 
bjr 144* we have*=3 and^=2*=6; therefore, the fide 
of the cube is 36. 
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OF THE VALUE OF LIVES; 
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DOCTRINE OF ^INNUITIES. 



SECT. I. 

THE VALUE OF AN ANNUITY FOR A SINGLE LIFE. 

A.N Annuity is a fum of money payable yearly, half* 
yearly, or quarterly ; to continue either for life, for a certain 
number of years, or for ever. 

When an annuity remains unpaid after it is due, it is faid 
to be iu arrear. When the purchafer of an annuity docs not 
immediately enter upon pofTeflioni the annuity is jaid to be 
in reverjm% 

The 
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The intcrdl upon annuities in arrear may be computed 
either in the way of fimple or compound intereft. But com- 
pound intered being found mod equitable, both for buyer 
and feller, is in mod general ufe. 

Annuities mav he divined into certain and uncertain. 

A certain annuity is that which continues for a certaia 
time, or for ever. An uncertain annuity depends upon one 
or more lives. 

Before I proceed to give the dodrine of contingent an- 
nuities, it will be ncceflary to deliver the rules for calculat- 
ing of annuities certain. 

PROBLEM I. 

To Jind the Amount of an Annuity for a given Term 
of Years, at a given Rat^ of Intereft. 

Example. What will an annuity of 50/. amount to, at 
the end of 8 years, at the rate of ^/ler cent, per annum^ fimple 
intcred ? 

In this example, the interefl being at 5 per cent, multiply 
the rate of intereft of i/. for i year, or .05 by 50 the annnityi 
and the produdt by 8, the number of years, and the pro- 
du£t hence arifing is 20: the half whereof (10) multiplied 
by the number of years, made lels by one, (7,) produces 70, 
the fimple intereft ; which added to the produ^of50, and 
8i (400,) give 470, the an[X>unt required. 

PROBLEM IL 

To find the Amount of an Annuity, at compound 

Intbreji. 

Rule. Multiply the amount of x/. for i year, as often 
into itfelf as there are years, except one ; or, which is the 
fame, raife it to the power whofe index is equal to the num* 
k«r of years, and from the refult fubtrafl z ; then divide 

02 the 
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the remainder by the intereft of i/. for i year, and multiply 
the quotient by the annuity, and the produA will be the 
amount rrquired. 

ExAMFLE. What is the amount of an annuity of 50/. for 
3 years, at J per cent, ftr annum^ compound inter eft t Here 
tht^amountof i/. for \ year i:> 1.05, which multiplied twice 
intoitfelf, produces X.15762J, and i fubtra£led from this, 
the remainder is .15762;, which divided by .05, the quo* 
ticpt h ^71525 ; this multiplied by 50, produces 157.625, or 
157/. 1 2 J. td* the anfwer required. 

Note. If the payment* are half-yearly or quarterly, the 
amount, and intereft of lU mud be taktn for a half, or a 
quarter of a year. And then the double or quadruple of the 
p'me mufl be taken. And the amount of 1/. for half a year 
at compound intereft is equal to the fquare root of the 
amount for a year; and the amount for a quarter of a year 
h equal to the Square root of chat for half a year. 

PROBLEM III. 

To Jind the prefent Value of an Annuity^ having tilt 

Time and Rate. 

Rt^LE. Multiply the amount of one year as often into it- 
felf as there are years, lefs i ; or involve it to the power 
denoted by the time : by this refuit, divide i, and fubcrad 
the quotient from i, divide the remainder by the intereft of 
i/. for a year; then multiply this lad (Quotient by the an* 
nuity, and theproduA will be the prefent value. 

Examplk. What is the prefent value of an aimnityof 
40/. for 5 years, difcounting { per cent, per annum ^ compound 
intereft T Here 1.05 involved to the fifth power is i.a7628« 
By which dividing i, tlie quotient is .78353, which fubtra^- 
ed from i, leaves ,21647; this divided by .05 gives 4.3294, 
which multiplied by ;p is 173.176, or 173/. 3/. (}^d, the 
prefent wonh. 

PROBLEM 
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PROBLEM IV. 

Having the prefent Worth, Rate, and Time, to find 

the Annuity. 

RuLB. Fiad the prefent value of 1/. aanuity at the ^veft 
rate and time ; and then by the rule of three, fay, as the prei- 
fent worth, thus found, is to i/. annuity, fo it the prefent 
worth given to its annuity; that is, divide the given prefent 
worth by that oi \U annuity. 

Example. What annuity will 173/. 31. ;</. purchafeto 

continue 5 years, allowing compound intereft at ^ per cent./ter 
mnttumf 

•05:1:: 1:20/. 

1.05 X 1.05 X 1.05 X r.05 X i.O{=s 1.276281 j62{ 

1.^7628 X 5d25)2o.oooooooo( 1 5 .6705 

20 

4. ^ 29 ^ prefent worth of iL 
== annuity. 

4.329)173.179(40/. annuity, Anfwer. 

Annuities for ever, or Freehold Eftates. 

In calculating the value of an annuity for ever, commonly 
called an Annuity in fee Jimple^ three things are to be con* 
lidered : i. The annuity, or yearly rent. 2. The price, or 
prefent worth. 3. The rate of intereft. 

PROBLEM I. 

Having the Rent and Rate oflnterefi, to find tin Pric$ 

or Value. 

Rule. As the intereft of i/. is to il. fo is the rent to tbe 
price or value. 
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Example. What is tlie prefent woicti of aa annuity of 
40/. per annum in fee Omple, compound intereji 3} per cent, 
per amt. f As .035 the intcrcft of 1/. for a year is to lU 
fo is 40/. the rent of the annuity to 1142.857 142 or 1 14^^!. 
17/. \\tL 

PROBLEM II. 

Having the Price and Rate of Intere/l, to Jind the 

Annuity. 

Rule. As i/. is to its intereft, fo is the price to the ^nuity. 
Example. What annuity will 4000/. purchafc, at 4I per 
cent, per ann, compound intereji f 
As i/. is to .0459 fo is 4000/. to x8o/. the annuity. 

PROBLEM in. 

Having the Price and Rent of the Annuity^ to Jind the 

Rate of Intereji. 

Rule. As the price is to the rent, fo is i/. to the rate of 
interefl. 

Example. If an annuity of 180/. coil 4000/. what is the 
rate of intereft compound per arm, T 

As 4000: 1 80:: I : .045 or 4I per cent, rate of intereft. 

PROBLEM IV. 

Having the Rate of Intereji j to find how many Years 
Purchafe an BJiate is worth. 

Rule. Divide i by the rate of intcrcft, and the quotient is 
tile anfwer. 

Example. How many years purchafe is an annuity, whea 
riie purchafer has 2| per cent, for his money ? 

.•25)1. coo( 40 years purchafe. *»^ 

S 

PROBLEM 
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PROBLEM V. 

Paving the Number of Years Purchaftj ta find the 

Rate qf Intereji. 

Rule. Divide i by the number of years purchafe, and the 
quotient is the rate of intereil. 

Example. What interefl has apurchafer, who gives 40 ^ 
yean purchafe for an annuity f 

4o)i.ooo(.o25 intereft required. 

Though the foregoing examples are moftly performed by 
a fingle divifion or multiplication, yet they give the anfwers 
at compound intereft; but in cafes u- here there is a rever- 
fion, recourfe mud be had to the tables of annuities, on 
compound interefl, as in the following Problems : 

PROBLEM Vr. 

Having the Rate of Interejly and the Annuity^ tofnd 
the prefent Value of the Reverfon. 

Rule. Find the prefent value of the annuity by Pro- ' 
blem I. then, by the tables, find the prefent value of the an- 
nuity for the years before the reverfion takes place, Subtraft 
this value from the former value, and the remainder is the 
prefent value of the reverfion. 

£xAMPLE. What is the value of an eflate, or an annuity 
of 130/. per ann. to continue 20 years? What is the value 
of the fame, after the expiration of 20 years, to continue for 
ever ? and what is the value of the whole, at 6 per cent* 
pmfiound intereft pir arm, T 

.06)130.000(2166.6666 Value of the whole. 

1491.0896 Value of the pcfTeffion. 

.675.^770 Value of the rcvcriion. 

PROBLEM 
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PROBLEM VII. 

Having the Value of an Aanuitjf in Riwerjior?, the Time 
prior to the Commencement of the Reuerjion, and 
Rate oflntere/lf to Jind the Annuity. 

Rule. Find the amount of the price of the reverfion, far 
the years prior to the commencement, by the tables : then 
£nd theannuity, which that amount will purcliafe. 

Example. If the reverCon of an annuity, to comnDence 
20 years hence, be bought for 675. $77/. what is the annuity, 
ewnp^und intereft^ at 6 per cent, per aan. f 

Here by the tables, the amount of 675,57;/. for %o years, 
at 6 per cent, is 2166.6/. which will purchale an annuity of 
130/. 

Life Annuities. 

Annuities for lives are calculated from obfervations made 
on the bills of mortality, which, however imperfedt they may 
feem to be in themfelves, when individually applied, are 
xieverthelefs become in very general ufe, and are found to 
anfwer pretty accurately, for fuch perfons, or public oHiccSy 
aabuy and fell annuities. 

It muft, however, be obferved, that calculations of this na- 
ture are at bed but bare probabilities, or mere chance-work ; 
yet every one muft be fenfibie, that a pcrfon of 60 years 
pf age has not fo great a chance of living as a perfon of 30, 
provided both be in good health ; therefore, an annuity to 
continue for the life of the former, cannot be worth near fb 
much as an equal annuity for the life of the latter. 

The principal writers on calculations of this kind, ar» Dn 
Halley, Mr. Simpfon, Monficur De Moivre, and Dr. Price, 
each of whom lias formed tables on the probability of hu- 
mau life, deduced from the bills of mortality. 

Dr. 
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Dr. Halley, from the bilb of mortality at Breflaw, con* 
ftruded a table, in which he ihowt how many perfons died 
in every year out of looo promifcuoufly chofen, and all bom 
in the fame year, till the death of the laft. He chofe the dty 
of Breflawy the capital of Silefia, for this purpofe, which he 
thought might ferve as a fiandard to the reft of Europe^ 
being a central town, at a difiance from the fea, and not 
much crowded with foreigners. His table is, howevcTi 
found not to be fo well adapted to the probability of human 
life in England, as thofe of fome others iince his time. I 
fhaU, however, g^ve his table, as well as that of Mr. Simpfon, 
and Dr. Pricei that the rcKler may fee the comparative merit 
4>ftacb. 
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TABLE V. 

Showing the Number of Years Purchojean Annuity on a 
Jm^U Life is worth according to the ProUibilitiea of 
Life, at London and NortharmptoK, from the Age ijf 
6 to 75 Years; at 3, 4, imd 5 per Cent. 
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THE USE OF THE TABLES. 

table I. 

Shows the probability of life, according to Dr. Halky*! 
#omputaii(m : the firft column (hows the ages ; the fecond 
column, the number of peribnt living at choie ages; aod 
the third column, the decrement of life, or the number of 
perfoos thiit died each year: thas, oppofite age i, is looo 
jn the iecond column, and 145 in the third column ; which 
ihows, that of 1000 perfons bom in the fame year, 14J died 
before the expiration of the year ; and of 8 $5, the remaindef 
of the perfons living, 57 died the fecond year, and fo on. 

But the caicubtions according to this table differ from 
Aole made irora the tables of the probabilities of life ia 
London, partly owing to the different fituations of thefe two ' 
jiftlaces. Breflaw being an inland town not much fiequented 
by ftraogers or foreigners, and London being a mercantile 
poffti and crowded with traffickers and travellers from aU 
parts of the world ; and partly owing to die difference of 
climate, difference of food, and different manners of life, 
between the inhabitants of XhefetWO places, which is always 
found to occalion a different proportion in the deaths at the 
lame ages« Thefe coniiderations induced Mr. Simpfop to 
compofe a table of the probability of life, calculated ffom the 
bilb of nu>rta{ity of London, and which table will confer 
quently much better anfwer the purpofe of calculating the 
Value of an annuity for a life a^ London, than the other tabie 
of t)r. flalley. This table may be feeo page j i. 

It mu&i howevef, be obferved, that Dr. Halley^s tablets 
better adapted for the ufe of all Europe in general than any 
other particular table. 

tal^IlL 

Shows tbe ))iPDblbitity '^^ffie -it 4dl tges^iMm 46 yea^ 
MfttntSon on the bills of mortality at Northampton : viz. 

vom 
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from the year 173J to 1780 inclufive. This table is juiUf 
reckoned to be the rooft oorrefk of any extant| as it is taken 
from a large manu&dturing town, and which coofifb gene*' 
rally of the fame perfons : aad aUb that the table is oon^^ 
ilruAed from a larger number of perfons bom than any other 
table, being X16501 which affords an opportunity of obfenr* 
ing the decrement of life to a greater exa6lne£i. 

Table IV. 

Shows the expe^tion of life, or the nmnber of years 
which any perfon m^y be fappofed to hare a fair chance of 
living, according to an equality of chance at tvery age, ac- 
cording to the bills of mortality for both London and 
Northampton. Thus, againft age 2 (lands 32.^ in the fecond 
^umn, under London; and 37.79 in the third colomn, 
under Northampton ; which ihows, that a child of the age 
of two years has an equal chance of living 53.$ years, ac- 
cording to the London tables, or 3a yeaxs 6^ months; and 
according to the Northampton tables 37.79years^ or 37 yeairt 
and upwards of 9 months. 

Table V. 

Shows the value of an annuity for a (ingle life, accordmg 
to the probabiUties of life at London and Northampton, fifom 
the age of 6 to 75 years inclufive, at 3, 4, and ^Jter cat. 
Thus, fuppofe, it were required to find tbe number of years 
purchafe which an annuity U worth to a perfon of the age 
of 30: here in the fecond colunm, and oppofite the age 30, 
fiands 15.0^ which (hows that an annuity for a perfon of 30 
years of age in London, and at 3 ^ cmt. is worth 15 years 
purchafe; and an annuity for a Northampton life, at the 
lame rate of interefl, is worth 16.92 years purchafe; and for 
a London life, at 4 /ler catt. an annuity b worth 13.1 years 
purchafe; and for a Northampton life, at the fame rate and 

interefi, 
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is worth 14.78 years purchafc: and an annuity at ^ per cent. 
for a London life, is worth 11.6 years purchafc; and for a 
Northampton life, at the fame rate of intercft, 13.07 years 
purchafe. This table alfo (hows the value of an annuity of 
i/. for a fingleiife, at all the above mentioned rates of intc- 
ftft : thus, an annuity 6f 1/. per ann. for a finglc life, at 30 
years of age, according to the London tables, at 3 ^ cent. 
is worth 1 5/. ; and the fanoe, according to the Northamptoa 
tables, is worth 16/. and upwards of 18/. Sec. 

This table is eftecmed the bed of any extant, and prefer-' 
able to any other of a different form. But thofe who fell 
annuities have generally a table of 2 years more value than 
the lives in this table, for purchafers who are upwards of 
twenty years of age. 

Definitions. 

I. The probahHity rf life is the chance that any perfon or 
perfons have of living to any certain time, and is denoted 
by a fra6tionf whofe numerator is the chance of living, and 
denominator that of living and dying. Thus, fuppofe it 
were required to find the probability of a perfon of the ag^ 
of %o atuining to the age of 37, according to Mr. Simpfon's 
table. Here it mufl be obferved, that of 360 perfons living 
at the age of 20, only 252 furvive to the age of 3 7 ; therefore, 
108 perfons have died between the two ages. Thus, 252 
is the chance of the faidperfon's living to the age of 37, and 
360 the chance of the (aid perfon's dying before he attains 
the age of 37, and the probability of life of that perfon Is 
expreiTed by the fraftion |^| or ^ ; therefore, the odds In 
that perfon's favour, or the chance that he fhall live to that 
age, is 7 to 3. 

2. The pr9hi^ility tf dying is expref!ed by a fradlon, 
which b the difference between the former fraAion and 
unity. Thus, the{>robability that the aforefaid perfon (hall 
die before the age of 37 is eiprefled by j{| or ^0, which 

VOL. II. t ihows 
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fhows that the chance of that perfon's dying before the (aid 
agp is as 3 to 7. 

3. The extremity of life is the period beyond which there 
is no probability of furviviug. In the Northampton tables 
this is 96 years. 

4. The complement of life is the number of years which 
any perfon's age wants of the full extremity of life ; this in 
the Northampton table, for a life aged 80, is 1 7 years. 

5. The expeSlation of life is the number of years due to 
the life of a perfou of a certain age, upon an equality of 
chance. And it is the number of years purchafe, which an 
innuity for life is worth in ready money, without allowing 
any intered. And in (ingle lives it is always equal to the 
fum of all the probabilities of furviving to the extremity of 
life. 

6. The number of years Jiwxhafe oi annuities, at any rate 
of interefl, is that number which^ if multiplied by the an- 
nuity, is equal to the prefent value thereof, according to fuch 
rate of interefl ; therefore, it is the preient value of an an* 
nuity of i/. according to a given rate of interefl, as feen idk 
Table V. 

7. The reverfion of a life annuity is where two or moxft 
lives are in joint pofleflion, and the expe^lation depends 
upon the probability of one particular life funriving the reft. 

PROBLEM I. 

To find the Value of an Ammity for the Life of any 
Perfony at a given Rate of Interefl. 

Rule. Seek the age of the perfon in the firft column of 
Table V. and againll it, under the proper intereft, is the 
number of years purchafe for either the London or North- 
ampton life ; or, which is the fame thing, the prefent value 
of an annuity of i/. during fuch life. Multiply this by the 
annuity, and the produd is the anfwer, 

£XAMPZ.K» 
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Example. Suppofe the given age be 49, the rate of 
intereft 3 per cent, aud the annuity 20/. Here again 49, mod 
under 3 per cent^ (lands 11. 6 according to the London bills, 
which, multiplied by 20/. gives 232/. for the value of a Lon- 
don life. And in the next column flands 12.69, the value 
afccording to the Northampton bills, which, muhiplied by 
20/. as before, produces 253/. 16/. for the value of a North* 
ampton life. 



^■" 



SECT. II. 

OF THE VALUE OF AN ANNUITY DUBINO JOINT LIVES, 

PROBLEM I. ' 

Tojind the Value of an Annuity for the, joint Con-- 
tinuance of two Lives ; that is, one Life failings 
the Annuity to ceafe. 

CASE L 
fVAen b9th Pcrfons are rf the fame A^e. 

Rule. Find the value of any one of the lives from 
Table V. Multiply this value by the intereft of i/. for a year 
at the given rate 5 fubtrafl the product from 2, divide the 
aforefaid value by this remainder, and the quotient will be the 
value of i/. annuity, or the number of years purchafc 

Example. What is the value of loo/. annuity, for the 
joint lives of two p^fons, aged 40 years each, according to 
the London tables, reckoning intereft at 5 per ceai, 7 Here, 
by the table, one life for 40 years is, 

I % la^ 
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10.3 
Multiply by .0^ 

Subtrad this produdt .515 

From 2.C/00 

' Remains 1.4.^^ 

^And 1.485) 10.3 (6.9 value of iZ. annuity, which multiplied 
by 100 is 690/. the value of the annuity fought. 



CASE II. 
XP&ji tie tw Perfwi arc of different Ageu 

RuLB. Find the values of the two lives in Table V. Mul- 
tiply them one into the other, and call the refulr the firft 
prodydt ; then multiply the faid firil produd by the intereft 
of i/. for a year, at the given rate, calling the refult the fecond 
produA : add the values of the two lives together, and firom 
the fum fubtrad the fecond produ6! ; divide the firft produft 
by the remainder, and the quotient will be the value of lU 
annuity, or the number of years purcliafe. 

Example. What is the value of 50/. annuity, for the 
joint lives of two perfons, whereof one is 20, and the other 
30 years of age, according to the Northampton tables, in* 
tereft ait 4 ^ cem. f 

The value of ao years is 16.03 

And the value of 30 years is 14*7^ 

F^ft produ^ 236.9234 

.04 

Second produA 9.476936 
Sum of the two lives > 30.810000 

Remainder 21.333064 
And ax.333o64)236.9234(x I.I value of i/. annuity. 

S2 

^^^0 Value required. 

PROBLEM 
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PROBLEM III. 

7o find the Value of an Annuity during the Life of 
the longeji Survivor of two Lives ; th^t is^ as long 
as either of the two Parties live. 

RuLB. Froip the fum of the values of the fingle lives, 

fubtra^t the value of the joint lives, and the remainder will 

be the value fought. 

Exam ft B. What is the value of an annuity of i/. to con* 

tiuue during the longed of two lives : the one perfon being 

30, and the other 40 years of age ; intereft at 4 ^ cent, the 

life of 30 years of age valued according to the London bills, 

and that of 40 years of age according to the Northampton 

)>ms ? 

By the table, the value of 30 years is 1 3 . i 

The value of 40 year^ it • • 1 3.20 

26.30 

The value of their joint Uves, by Problem II. 
Cafe a, is . • • 8.9 

The value fought • • • 17.4 

If the annuity be any other than i/. multiply the above 
found value, by the given annuity ; and if the two perfons 
be of equal ages, the value of their joint lives mud be found 
by Cafe I, of Probleqfi II. 

PROBLEM IV. 

To find the Value of an Annuity for the joint Conii' 
nuance of three Lives } that is ^ one Life failing, the 
Annuity to ceafe. 

Rt7LB. Multiply the value of the three fingle lives con- 
tinually into eachorhcr, calling the rcfulr ihe produv^ of the 
three lives ; multiply that produ<5l by the intereft of i/. and 
that produifl again by 2, calling the refult the double product ; 
then froip the fum of the feveral produdb of the faid lives, 

taken 



it OP THE VALUE OP LIVES; OR, 



a 



taken two and two, fubrra^ the double produ(5l ; divide the 
product of the three lives by the remainder, and the quotient 
will be the value of the three joint lives. 

Example. What is the value of an annuity of i/. during 
the joint lives of three pcrfons, thereof A is lo years of 
mge, fi 20, and C 30, at 4 per cent, according to the Londom 
tables? 

Here, by the table, the value of A's life is 16.4, that of 

3's 14.8, and C's 13.1, which thfee ^ultiph'ed together is 

3179.63; this multiplied by ,04, the intercfl of i/. gives 

127.18528, which, multiplied again by 2, gives 254.370 for 

Che double produ^. Then 

Tlie product of A and B is 242.72 

And the producer of A and C is 214.84 
The product of B and C is 193.88 

The fum of all taken two and two 65 1.44 
Double produft to fubtraft ^^^-37 

Remainder 397.07 
And 397.07)3179.632(8.007 Value fought. 

PROBLEM V. 

To find the Value of the Annuity for tlie longe/i Life 

of three or more Perfons* 

Rule. Find an age anfwerable to the value of the longeft 
life of any two lives, which fubftitute in lieu of the -two, 
and then find the value of the longeft life qf that life and the 
other, and that will be the value of the longeft life amonj^ 
three lives. If there are four or more lives, fubftitute the 
age correfponding to this value in lieu of the three lives, 
and find the value of the longeft life of this age, and the other 
remaining age, and it will be the value of the longeft of four 
lives: proceed in the fame manner for live or more liveSy 
having regard to the rate of intercft. 

The examples in the foregcfing Problems will be found- 
fufficicnt to inftruft the learner how to perform all the 

following 
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following Problems. I (hall, therefore, give a few Problems 
with their rules, leaving their operation for the exercife of 
the learner. 



SECT. III. 

THE TALUE OP CONTINGENT REMAINDERS AND 

REVERSIONS. 

PROBLEM I. ^ 

To find the Value of the Reverfion of an qffigned Life 

after a given Term. 

Rule. Subtra«fl tlie value of the annuity for the given 
term of years, from the value of the propofed life, on the 
contingency of its ceaHiig, upon the extinrtion of the afore* 
(aid life, and the remainder 'will be the anfwcr. 

PROBLEM IL 

To find the Value of the Reverfion of an Annuity for 
i/ie Remainder of a given Term of Years after an 
ajigned Life. 

RuLB. From the value of an annuity, certain for the 
fiven term of years, fubtradt the value of the annuity for the 
iaid term, on the contingency of its ceafing, upon the felling 
of the propofed life; and the remainder will be the value of 
the leveriioa. 

PROBLEM 
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PROBLEM lir. 

To find the Value of the Reverfion of one Life after 

another. 

Ru L E* SiibtraA the value of the two joint lives from the 
value of the life in expefbuion, and the remainder will be 
the value of the reverfion* 

PROBLEM IV. 

To Jind the Value of the Reverfon of two Lives after 

one. 

Rule. Subtra6t the value of the life in poflefiion from 
the value of the longeft of the three lives, and the remainder 
will be the vsjuc of the reverfion. 

Xy PROBLEM V. 

« 

To find the Value of the Reverfion of one Life after 

two Lives. 

Rule. If the two lives are joint lives, fubtra£l the value 
of the three joint lives from the value of the life in expe6bi* 
tion, and the remainder will be the anfwer. But if the 
reverfion takes place after the extin^ion of either life, fub* 
tra^ the value of the two lives in pofieffion from the value 
of the three lives, and the remainder will be the value of the 
reverfion. 

PROBLEM VL 

To find the prefent Value of any Number of Lives in 

SucceJJion. 

Rule. Multiply the value of each life by the intereil of 
i/. for one year, and fubtraft each product fix)m unity or 
I ; multiply all the remainders continually together, and 
iubtra6t this produ^ from unity; then the remainder multi- 
plied 
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plied by the perpetuity *, will be the value of all the fuccef* 
five lives. 

PROBLEM VII. 

A given fum of money is to be received as a legaqr on the 
deceafe of D, who is at a given age; wh^t is the value there- 
of in pnsfent money ? • 

RuLB. Subtraft the value of the life of D from the per- 
petuity ; then fay, as the perpetuity is to the remainder, fo is 
the propofed fum to the preCb nt value. 

PROBLEM VIIL 

To find the Value of a Sum of Money to he received at 
the Deceafe of B, in cafe A is then deceafed al/o. 

Rule. Subtrad the value of the oldeft life horn the value 
of an annuity for as many yean as are cxprefled by the com- 
plement of B's age ; then fay, as the complement of the 
younger life is to the remainder, fo is the propofed fum t» 
its prefent value. 

ANNUITIES UPON TONTINES. 

PROBLEM IX. 

To find the Value of an Annuity for either Per/on of 
twOf who have a joint Annuity, which at the i)e- 
ceafe of either one, is to lecome thejble Property of 
t?ie Survivor* 



* The perpetuty, or value of an annuity to continue for ever, is found 
\y dividing 100/. by the rate of intereft per cent, or by dividing t/. by 
the intereft of i/. for a year ; and the quotient is the perpetuity, or va- 
lue of an annuity of i/. to continue for ever. The perpetuity is aUb 
equal to the number of years purchafe, which a perpetual annuity is 
worthy without allowing any Intereft. 

TOL. II, K.. Rv&f« 



M OP Mt trlitrB tf, tifliB 5 Mf 

- fc ■ ■ ' ^^^^^^^^^ 1^^^^^^^^^^^^^^^^ ^ 

RuLB. from the value of thfc life of eithd' of Hie tiro 
perfons, fubtraft half the value of the two joint VNt% waA 
the remainder will be the Vftlue of the other perfon's life. 

PROBLEM X. 

What is the prefent value of an annuity to be poflefled by 
D apd his hdrsi as foon as any two of the tkfee lives, A^ B, 
and C, beoonoe extind; D and his heirs holding the fiinie 
during the life of the furvivor of the three Uvei, A, B| C ? 

Rule. Add thrice tlie value of the three joint lives. A, B, 
and C, to the fun^ of Ithe Value 6f "xht thfde (ingle lives, de«- 
du^ng therefrom twice the fum of the value of each two 
joint lives : viz.^ — of A and B, A andC, and B, C; and the 
remainder Will be the anfwer. 

PROBLEM XL 

What is the vahie of the right of any one 6f the three fol- 
lowing peribns, viz.— A, B, and C, who enjoy an annuliy 
equally among them, which, upon the deceafe of any onie, 
is to become the property of the two furvivors, during their 
joint lives, and on the deceafe'of the next perlbn to become 
the property of the kft furvivor during Ihs life ? 

Rule. Subtract half the fum of the values of the joint 
lives, A and B, and the j6int Uv^s i>f A ^d C, iftta Ht 
VdHxte of the life df A ; then to tfie retnltitider InM o«e 4iird 
of the yalae of the three joint fiv^, ahd the Iten %iB he the 
value of the right of A. The value of the vight «f eiihtr of 
t)ie other parties may be found by a fimilar method. 

PROBLEM XIL 

What is the value of the two fucceflive ihres, A virf-B, A 
having an annuity for life, and tti haVe the hofmillatlbn of H 
fucceflbr, who is to hold the annuity for his own liFe, ^fftfr 
th^ deceafe of A> 
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Kux%» Multiply the ralue of the life of A, by the value 
•f the life put in at his deceafe; divide the produdb by the 
perpenutyi and fubtraA the quotient from the fum of the laid 
walucf, and the ranainder will be the anfwer. 



>^w 



SECT. IV. 



OF ASSURING LIVES. 



By afluring a life^ is rocanty obtaining fecurity for receiv* 
ing a certain fum of money, fhould the afTured life feil in a 
certain given time: in confideration of which, a premium is 
given to the afTurer, which is a fufiicient compenfation for 
the lok he is likely to fufiain, iu cafe the life fhould drop*. 
This compenfation, called the premium^ is varied according 
to the two following caufcs : — Firft, The rate of iutereft at 
which the money is fuppofed to be improved ; and, fecond*' 
ly, the probability of the duration of the life to be alTured. 
If the interefl be high, and the probability of life high aifo, 
(be value of the afTu ranee will be low in proportion : on the 
contrary, if the intereft be low, and the probability of life 
alfo low, the value of the affurance will be proportionably 
high. For example:— Let 100/. be fuppofed to be afTured 
on a life, for i year; that is, let 100/. be payable a year 
hence, provided a perfon of a given age dies in that time. 

K % Now, 
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Nowy if the intereft of the money be $ /cr cent, and the life 
fure * of fiiiling, the valaeof tbeafTurance would be the fame 
as the prefent value of lOo/. payable at one year's end, xtct 
koning intereft at j /ler cent, and would be that fum, which 
being put out to intereft now, at $ ^ cent, would produce 
. the lOo/. at the end of the year, which fum is 95/. 4/. qd. 

If it be an even chance^ or the odds are equal, whether the 
life does or does not fiaiil in the year, which is the cafe when 
one half of a given number of lives fail in a given time, the 
value of the aiTurance will be half as much as the former va- 
lue, or 47/. 12/. 4|^. 

If the odds againft the perfon*s life feuling are two to one^ 
which is the cafe when one third of a given number of livea 
fail in the time, the value of the afTurance will alfo be one 
third of the firft value (if the intereft be the fame), or 
31/. 1 4 J. 11^. 

If the odds are nineteen to one againft the life fisiiliqg, 
which is the cafe when the twentieth part of the lives fail in 
the given time, the value of the ailurance will be a twentieth 
part of the firft value, or 4/. 1 51. 2|//. 

If the odds are forty- nine to one againft the life fidling, 
or when only one out of fihy of fuch lives fails in the given 
time, the afTurance will be only a fiftieth part of the firft va- 
lue, or i/. 18/. id. 

Now the odds of two to one, according to Dr. Halley's 
table, are, that a life aged 85 years will not drop in a year. 
The odds of nineteen to one are, that a life aged 64 will not 
drop in a year. And the odds of forty-nine to one are, that 
a life aged 39 will not drop in a year. Therefore, the value 
of the afTurance of 100/. for one year, on a life aged 85, is 



^w^ 



* By this word is to be undcrftood a certaintj, according to the ci^ 
•ulations from the tables. 

3it 
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jiL 14J. III/.;— on a life aged 64, 4/. ijj. 2|^. ;— on a life 
aged 39i i/. 18/. id. at 5^ £r«/. intereft. But if interefi be 
reckoned bX ^per cent, thefe three values will be 32/. ^/•— 
4/. 17/.— 1/. 18/. loi/. rcfpcftively. 

This calculation fuppofes the value of the aflbraqce to be 
paid in one fingle prefent payment. But the value may be 
paid in amwal payments^ and be continued till the failure of 
the life, fhould that happen within the given term ; or, if 
not, till the determination of the time. 

The value of an alTurance upon a life cannot be difcovered 
by any one ignorant of the method of calculating the value 
of life annuities, delivered in the former part of thb chapter. 
But thofe who underftand what has been delivered, may form 
any calculations upon this fubje^ from the following ex- 
amples: 

ExAMPLB. What money in hand, and alfo in annual pay- 
ments during life, ought a perfon of a given age to pay for 
a given fum of money, payable at his death to his heir? 

Rule. SubtraA the value of the given life at the rateylif 
cent, as given in Table V. f^om the perpetuity : muhiply 
the remainder by the produ^ of the fum to be afTured, and 
the rate of intereft for a year ; divide this lafl product by 
100/. increafed by its iptereft for a year, and the quotient 
will be the anfwer, or the money which ought to be given in 
a iingle prefeiit payment : and this payment divided by the 
value of the life, will quott the fum that ought to be paid in 
annual payments during the whole continuance of Hfe. 

CASE I. 

Where the Premium is to be paid immediately j in m 

Jingle Payment. 

Q^TESTioN I. What premium (hould be given to fecure 
100/. at the deceafe of a perfon aged 45 years, intereft 3 per 
cent, ? 

Operation. 
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Operation. 

The perpetuity 33-333 

The value of the life by 
Table V* at 3 /#r oMt. ia.3 



Remainder 21*033 
The given fum multiplied 
by its intereft 300 

103)6309.9(61.26116 Anfwer. 
Thus it appears that 61.261 16| or 61/. jj. a^J, is the 
premium which ought to be inunediately paid to fecure 100/. 
on the deccafe of a perfon aged 45 years, at 3 ^ cent, per 
mnnumy according to the probability of life for London, 

CASE 11. 

When the Premium is to be paid injixed annual Pag^ 
ments, during the whole Continuance of Life. 

Question 2. What money (houM be given in equal an- 
nual payments, during the life of a perfon aged 45 years, 
to fecure 100/. on the deceafe of the faid perfon ; intereft at 
3 per cent, per annum f 

In this cafe, the value of the aAurance in one prefent pay* 
ment is to be found as in the foregoing cafe, which value 
divided by the value of the life, quotes the fum to be paid 
annually during the life of the perfon: — Thus, 61.261 16 
divided by 12.3, quotes 4.98, or ^. 19J. 'jd, which is the 
fum to be paid annually during life, in order to fecure the 
fum of zoo/, at the extin^ion of the faid life. 

If 



If the f<H<egoing quclKons be repeated, reckoning the va^. 
letcft at i\per ceiu^ /Ur4m mm j the prenuiim will be lefs, 
vift. in one prdent poywient at si t^ ^^^* ^^ ^^^ ^ 
57A x\s. and the annual payments 4/* <9'* 7i^ 

Thtts it appears upon what very eafy temos a large fum of 
money might be iiecured at the deoea(e of any perfoo, if the 
premium be paid by annual payments. Hence tbe^great ad- 
vantage of laiftitutions for the aflbraoce of lives, provided 
they be properly conduced, and managed by perfone fuffidr 
ently (kilted in numbers to arcMd errors in making their cal- 
culations, which are mod detrimental to focieties of this na* 
ture, and from which there are hardly any of thefe inilitu- 
tions exempt. 

Aflurances of this nature might be extended confiderably 
more than they are at prefent ; and rendered not only Tub- 
fervient to the parochial poor; but alfo of infinite advantage 
to the nation at large, particularly to the revenue in a finan- 
cial refpe^ were the fubje^t to meet the approbation of the 
leg^ilature ; and perhaps more pecuniary afiiftance might be 
derived from efbbliihments of this nature, under proper 
modifications, than from any other mode oi funding, and 
creating permanent debts, as I (hall prove in another treatife. 

When an eftate, or a perpetual annuity, is to be aflured 
for the duration of another life, after the failure of the 
aiTured life, inftead of afiliring a grofs fum, the value of a 
fingle payment will be the value of the life fubtra^ed from 
the perpetuity, and the remainder multiplied by the annuity, 
or by the rent of the eflate. And the value in annual pay- 
ments to begin immediately, will be the fingle payment di- 
vided by the value of the life, increafed by unity. Therefore, 
an aflu ranee of an e(late or annuity, after any given life or 
lives, is wortli as much more than the aflurance of a corre* 
fpoodiog fum, as 100/. fncreafed by its interefl for a year, is 

greater 
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greater than tool. Thus the prefent values, in fingle and 
^nual payments, of the aiTurance of an eftate of $/. ^ 
Momm for ever, and of lOo/. in money, are to one another 
as 105/. IS to 100/. The xeafon of the difierence is, that 
the algebraical calculations, by which thefe values are de- 
termined, fuppofe the grois fum and the firft yearly payment 
of the annuity are to be reodved at the fame time, after the 
expiration of the life or lives. 

The examples here given will be found itijGcient to in* 
ftru^ any perfon in the method of finding the value of an* 
nuities, in all cafes of reverfions: as alfo in the principles of 
ifliirances upon lives. 



CHAP. 



OF LOOABITHMS. 



73 

1— 



mH 



CHAP. XL 



OF LOGARITHMS. 



SECT. L 

OP THB ORIGIN AND NATURE 6F LOGARITHMS* 

Logarithms are certain artificial numbers, wluch are 
the ratios of other natural numbers ; and are the indices of 
the ratio of numbers to one another ; or, a feries of numbers 
in an arithmetical proportion, anfwering to as many others 
in a geometrical proportion, and in fuch a manner, that o in 
the arithmeticals is the index of i in the geometricals. Loga* 
rithms were invented for the eafe of arithmetical calculations^ 
where the numbers, or operations, are large. 

The nature of logarithms depends upon thefe axioms : if 
a feries of quantities increafe, or decreafe, according to the 
fame ratio^ it is called a geometrical progrejjion^ as the numbers 
I, 2, 4, 8, 16, 32, which are multiplied by 2 : if the feries or 
quantities increafe, or decreafe, according to the fame differ* 
tnce^ it is called an arithmetical progrej/ion^ as the numbers 3, 
6, 9, 12, 15, 18, &c. which increafe by 3, which is there- 
fore called their common difference. Now, if underneath 
the numbers proceeding in a geometrical progreflion, be 
placed as many other numbers, proceeding in an arithmetical 
progreflion, thefe lafl are called the logarithms of the firft ; 
as in the following : 

Terms • i, 2. 4. 8. 16. 32, 64. 128. 256. 512, 

Logarithms o. i. 2. 3. 4. 5. 6. 7. 8. 9. 

roLt 11. L la 
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In this progreffion, o is the logarithm of i, the firft term : 
I the logarithm of the fecond, which is i ; and 2 the loga* 
rithm of the third tenp, 4, &c. 

Thefe indices, or logarithms, may be adapted to any feriet 
in a geometrical progreffion; and, therefore, there may be as 
many different kinds of indices, or logarithms, as there can be 
different kinds of geometrical progreffions; as may be feea 
in the following feries :-«- 



Log. - .o 


I. 


a. 


3- 


4* 


5- ^c. 


I or !•. 


a. 


4- 


8. 


16. 


32. 6cc.^ 


a*. 


a% 


a'. 


a*. 


%\ &c. 


# or 3% 


3- 


9- 


*7' 


81. 


a43« &c. 


3'. 


3'. 


3'. 


3*. 


3*. &c. 


C or 10% 


10. 


IOC. 


1000. 


loooo. 


lOOOOO. &c. 


lo'. 


10% 


io\ 


10*. 


10^ &C.J 




Here the fame indices, or logarithms, ferve for any of the 
fix under-written geometrical feries, from which it appears, 
that there may be an endlefs variety of fets of logarithms, 
adapted to the fame common numbers, by varying the fecond 
term of the geometrical feries, as this will change the origi<- 
nal feries of terms, whofe indices are the numbers !• 3. 3. 
&c. And by interpolation the whole fydem of numbers may 
be made to enter the geometric feries, and receive their pro* 
portionable logarithms, whether they be integers or deci- 
mals. 

The logarithm of any number is the index of fuch a power 
of fome other number, as is equal to the given one involved 
to the power denoted by the index of the other number. 
Thus, if N be equal to r», then the logarithm of N is n, which 
may be either pofitive or negative, and r any number what- 
ever, according to the different fyllems of logarithnns. 
When N b one, then n is o, whatever the value of r may be ; 
and, confequently, the logarithm of i is always o in every 
fydem of logarithms. But in the common logarithms, r is 
equal to 10; fo that the common logarithm of any number 
is the index of that power of 10, which is equal to the £a\d 
number; thus the common logarithm of ^ssio", is /r the 

index 
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index of thp power of lo.— For example : — looo being tho 

third power of lo, has 3 for its logarithm : and if 50 be =s: 

lQi.<9t97^ then 1.69897 is the common logarithm of 50; 

from wliich it will follow, that the following decimal Denes 

of terms will have the following logarithms refpedively : 

ThcGcomc-f looo, lOO, 10, i, .1, .01, ,001 
trie Series. \or 10*, lo*, 10% 10®, 10—* JO— * 10— • 

Logarithms 3, 1, i, o,-^i, — 2, — 3. 

The logarithm of a number, which is contuned between 
mj two terms of the BHi (eries, is included between the 
two correfponding terms of the latter feries ^ therefore, that 
logarithm will have the £ime index, whether pofitive or ne* 
gative, as the fmaller of thefe two terms, together with a de* 
cimal Ara&ion, which will always be pofitive. Thus, th6 
number 50 falling between the numbers 10 and too, its lo* 
garitbm will hU between i and 2, being equal to 1.6989;^ 
neariy; and the number .05 failing between .1 and .01, iti 
logarithm will fall between — i and —2, and is equal to — ji 
4- •69897, the index of the lefs term, together with the de» 
cimal ,69897. The index is fometimes called the charac* 
teriftic of the logarithms, and is always an integer, either po« 
fitive or negative, or elfe o, and fhows what place is occu* 
pted by the BrR fignificant figure of the given number, either 
ibove or below the place of units, being in the former cafe 
pofitive, and in the latter negative. 

When the chstraAeridic of a logarithm is negative, the 
lign — is commonly fee over it to diftinguifli it from the dc* 
cimal part, which being the logarithm found in the tables, 
is always pofitive ; thus, the logarithm of .05 or — 2 -f. 69897 

IS written thus, 2 69897. But when it is required to reduce 
the whole expreffion to a negative form, it is done by making 
the chara£teriflic lefs by i, and taking the arithmetical com- 
plement of the decimal ; that is, beginning at the left hand^ 
fubtrad each figure from o, except the lafl figuificant figure^ 
which Is fubtra£ted from 10 ; then will the remainder form a 

J0 % }Qgarithni| 
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logariihm, wholly negative : thu5| the aforementioned loga* 

rithm 2.69897, or -^2+69897 is exprcfled by — 1.30103, 
which is ail negative. Sometimes it is convenient to exprefs 
the logarithm as pofitive, which is done by joining to the 
tabular decimal, the complement of the index to 10: thus, 
the above logarithm is exprefled by 8.69897, which is ooly 
increafing the indices in the fcale by 10. 

From the foregoing definitions of logarithms, coniidered 
either as the indices of a geometric feries, or as the indices 
of the powers of the fame root, it appears, that numbers may 
\e multiplied together by the addition of their logarithms : 
and they may be divided by the fubtra£tion of their logarithms. 
Alfo a number may be raifed to any power by multiplying 
the logarithm of the root by the index of the power : and the 
extraction of roots may be performed by dividing the loga-> 
rithm of the given number by the index of the root required 
to be extra^ed. 

Logarithms confidered in their theory, are of very ancient 
origin, and were known to mod of the ancients ; but the 
celebrated John Napier, Baron of Merchiilon, in Scotland, 
was the firft who applied the ufe of them to Trigonometry 5 
but the form of their conftru^ion was not made known till 
the opinion of th^ mathematicians was had concerning thenu 
His fon, Robert No pier, in the year 16 19, publiflied a new 
edition of his father's work, wiih the conAru6tion of loga- 
rithms. And in the fame year Mr. John Speldell publiihed 
an Improvement of Napier's Logarithms. 

Other Tables were foon after publifhed by John Kepler, 
and fome others ; all whicl; tables were of that kind, called 
Hyperbolical ; bccaufc the numbers exprefTcd are as betweci^ 
the afymptote and curve of the hyperbola. 

Henry Priggs, Piofeflor of Geometry in Greftiam Collegei 
foon after publiflied the logaritiims of the firft one thoufand 
numbers on a new fcale: viz. — In which the logarithm of 
the r^tio of 10 to 1 is i ^ whereas the logarithms of the fame 

ratio 
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lado in Napier's fyftem is 2.302 58, &c. And in 1624 he 
alfo publiflied his Arithmetica Logaritimicoj containing the 
logarithms of 30,000 natural numbers, to 14 places of 
figures, befides the index, which form was recommended to 
him by Napier, and which is the form in prefent ufe. 
In 1633, he publifhed, to 14 places of figures, his TrigoK^^ 
tnetria Brittmmca^ which contained the natural and k>ga«> 
rithmic figns, tangents, fecants, &c. 

From the time of Robert Napier, to the prefent period, 
feveral mathematicians publifhed logarithmic tables, with va- 
rious improvements; the principal of which were Gunter, 
Wingate, Henrion, Miller, and Norwood, Cavalerius, Vlacq, 
and Rowe, Frobenius, Newton, Caraniuel, Sherwin, Gar- 
diner, and Dodfon. 

In addition to what has been faid, it may be obfervedi 
that the indices or charaderlflic of logarithms correfpond to 
the denominative part of the natural number, as the other 
member of the logarithm does the numerative part of the 
number; that is, the index (Iiows the denomination of, or 
place of the left-hand figure of the number, and confequently 
oi all the red. Thus, o affixed to a logarithm, denotes the 
firll figure of the number to which the logarithm anfwers to 
be nothing diflant from the place of units. The index i 
ftiows the firll figure of the number to be didant i place from 
the place of units ; that is, in the place of tens, and confe- 
quently the number itfelf to be cither 10, or fome number 
between xo and 100; aiid the fame may be obferved of ail 
the other indices. Therefore, all numbers that have the fame 
denominative, but not the fume numerative parts, as all 
numbers from i to 10, from :o iw» too, &:c. will have loga- 
rithms whofe indices are the fan^t, but the other members 
difFerenL And again, all numbers, which have the fame 
numerative, but iiot the fame denominative parts, will have 
different indices ; but tiic reft of the logarithms will be the 
fame. If a number be purely decimal, to its logarithm is af- 
i|xed a negative index, fiiowing the difbmce of its firft figni- 

ficativc 
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ficative figure from cbe place of units. Thus the logarithm 

of thededmal .2 $6 is :. 408240; that of the decimal .0256 

it 2.408140* Inftead of thefe negative indices, fome uft 
their complemeois to 10, fet down with a point on each fide, 
thus, .9. and .8. that is, fuch a figure is made the index, as, 
when futitra^ltd from 9, leaves a remainder expreiring the 
Qumbcr of cyphers prefixed to the decimal, as betorc ob« 
ferved. 
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SECT. II. 

OF THE ARITHMETIC OF LOGARITHMS. 

Trom what has been faid, the learner may have acquired 
t tolerable idea of the nature of logarithms. Th^ conftruc- 
tion of the logarithmic canon requires more room than is 
coniiftent with the prefent treatife. The table of logaiithms 
{s generally printed in a table connfting of nine columns, 
bcfides the column of natural numbers and tliat of the dif* 
ferences, except that part of the table which contains the lo« 
jarithms of numbers from i to 100. 

To find the Logarithm of a Number^ or the Numher 
corre/ponding to a given Logarithm* 

If the given number be under 100, the logarithm is found 
9t once in the table, {landing oppofite the number : if the 
g^ven number l>^ above 100, ;md under 1000, its logaritlim 
will be found oppofite to it in the column unJer o : if the 
number be between 1000 and loooo, the drCt three figures 
of the number aire to be found in the column marked No, 
and the fourth figiire at the top of one of the other columns, 
and in the columa uuder the faid fourth figure, and even with 
the firft three figures, will be found tli^ Ipgarith^D required, 
changing the iodej^ % iotp ]• 
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If the given number be greater than any in the commoil 
canon, but lefs than looooooo, cut oflP four figures on the 
left of the given number, and find the logarithms thereof as 
before dire^ed ; then muhiply the common difference whic|| 
(lands againd the logarithm in the column marked Difference^ 
by the remaining figure or figures of the given number, 
and from the produ6l cut off as many figures from the right- 
band fide as you multiplied by, and add the remainder to the 
logarithm of the firft four figures of the given number, 
fitting ft with a'proper index. Thus, if it were required to 
find the logarithm of the number 92375: the logarithm of 
the firft four figures 9237 is 3.965531, then 47 multiplied 
by 5=235, therefore, cut oflf 5 and add 23, and the required 
logarithm (proportioning its index) is 4.9655^4. 

To find the Number correfponding to any Ijogaritkm* 
Seek the logarithm in the table, beginning in the column 
lindrr o (negie£ling the index; ; and if the logarithm, or the 
two or three firft figures thereof, cannot be found in this co- 
lumn, feck them in the other columns ; and having found it 
on the next lefs Icgarithrt) thereto, lineally againd it in the 
column of numbers are the three firfl figures of the number 
fought, to which joining the figure over the column of the 
logarithm, you have the required number; when the num- 
ber confifts of four places of figures, i. e. whq||the index of 
the lo^rithm is 3 ; but when the index is i, the two lad 
figures of the number are decimal, and only the two firft 
numbers integral : when the index is o, the firil number oulj 
is an integral, &c. 

Thus, to find the number correfponding to a logarithm is 
the converfe of finding the logarithm of a number. 

To multiply or divide Numbers by Logarithms, 

RvLS. To multiply two numbers together, add their two 

losgtri^bms together, and their fum will be the logarithm of 

the produd, adding to the afiirmative indices what is carried 

froxn the decimal parts; and if the indices be one affirmative, 

and 
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^nd the other negative, the difference is to be taken for the 
index to the logaritlun of the produ6l. 

The reafon of this rule is evident, for as unity is to one of 
the fa<flors, fo is the other fa^or to the product. Thus, the 
logarithm of the produ6l is a fourth equi-differcnt term to 
the logarithm of unity and tlu>fe of the faftors ; but the lo- 
garithm of unity being o, the fum of the logarithms of the 
hSkors niuft be the logarithm of the fsidlum, or produft. 

Therefore, as the ftdors of a fquare arc equal to eacli 
other, that is, a fquare is the faflum or produft of its root 
muhiplied into itfclf; the logarithm of a fquare will be 
double the logarithm of the root. 

Therefore, unity is to the exponent of the power, as the 
logarithm of a root to the logarithm of the power. 

From hence it ajij^ears that the logarithm of the cube Is 
triple the logarithm of the root ; the logarithm of the biqua- 
drate, quadruple that of the root ; the logarithm of the fifth 
power quintuple that of the root; that of the fixth power 
fextuple, &c. 

To perform divifion by logarithms, fubtra^l the logarithm 
of the divifor from the logarithm of the dividend, and the 
remainder will be the logarithm of the quotient, firfl chan- 
ging the fign of the logarithm of the index of the divifor, and 
if they be of different ligns, the difference is to be taken, but 
if of the fame kind, their fum. 

For as the divifor is to the dividend, fo is unity to the 
quotient ; therefore the logarithm of the quotient is a fourth 
equi-different number to the logarithms of the divifor, the 
dividend, and the logarithm of unity. The logarithm of unityi 
therefore, being o, the difference of the logarithm of the di- 
vifor, and that of the dividend, is the logarithm of the quo* 
tient. For the difference between 7 and 5, or the remainder, 
is 2, which is the logarithm of the quotient 4, which quo- 
tient is obtained by dividing 128 by 32. Alfo, fubtrading 
3 from 8, the remainder 5 is the logarithm of the quotient 
32, Mhich is obtained by dividing 256 by 8. 

Examples 
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Examples in Multiplication. 



Example i. 

Num. Log, 

Multiply 68 1.832509 

By la 1.079181 

PrcxiuAs 816 •2.91 1690 



Example 2. 

Hum, Log, 

Multiply 9 0.954242 

By 9 0.95424* 

8r 1.908484 



Example 3. Multiply 3.902, and 597.16, and .0314728, 
continually together. 

Example 4. And alfo multiply 35.86, and 2.1046, and 
0.8372, and 0.0294, continually together. 



Num. 


Log. 


Nmm, 


Log. 


3.902 


0. 5912873 


35.86 


0. 5546x03 


597. 16 


2. 7760907 


2. 1046 


0.323x696 


•0314728 


2.49793S3 


0. 83 7a 


1.9228292 


73-33533 


1.8653133 


0. 0294 
. 1857618 . 


2. 4683473 






X. 2689564 



In the lad example the 2 carried from the decimals cancels 

the 2, -and there remains x to be fet down ; and in the third 

example, the 2 cancels the 2, and the i carried from the 
decimals is fet down. 



Examples in Divifion* 



Example i. 

Num. Log, 

Div. 24163 — 4- 3851509 
By 4567— 3- 6596310 



Example a. 

Num. Log. 

Div. 37. 149^— I-569947X 
By 5a3-76 — 2. 7i9i3»3 



Quo. 5. 29078a— o. 7235x99 Quo. 0709a752— a. 8508148 



tOL. II. 



M 



la 



it OP tOOARITRMS. 



In the laft example, the i carried from the decimals is 
added to the a, whicb, with its fign, chinged, becomes 3 } 
cotifequently the remainder, or index of the quotient, is a* 



EXAMFLK 3. 

Num* L6g* 

Div. .06314— a. 8003046 
By .007441— T- 8597985 

Quo. 8. 719791.. o. 9405061 



ExAMFLt 4. 

Num. L^ 

Bir* .7438— 1. 8714561 
By 11.9476— 1.1111893 

Quo- 05744694— 1. 759*6^ 



In the third example, there is i carried from the dedmtk 
and added to the 3, which makes it a; and which taken 
from the other T leaves o. In the fourth example, the i is 
taken from the i, which leaves a remainder 2. 

Tojind'the Logarithm of a FraBion. 

RuLB. Subtra6t the logarithm of the numerator frtxn that 
of the denominator, and to the remainder prefix the negative 
fign. Thus, fuppofe it was required to find the logarithm 
pf the fradion f • 

o. 845098 Logarithm of 7. 
o. 47 7 1 2 1 Logarithm of 3. 

. 367977 ss Logarithm of f . 



The reafon of this rule is evident : for a fra6Uon being the 
quotient of the numerator divided by the denominator, its 
logarithm mud be the difference of the logarithms of thefe 
two : fo that the numerator being fubtrafled from the deno- 
minator, the difference becomes negative. And the loga- 
rithms of proper fradions muft always be negative, if the 
logarithm of unity be o ; becaufe a proper fradion is leis 
than an unit. 

Or the logarithm of the denominator, though greater than 
that of the numerator, may be fubtra^ed from^that of the 

munerator, 
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aumentoTy regard being had to the fign of tfa 
alooe in this caie is negative. Thus, 

o. 477 12 z Logarithm of 3. 
o. 8^;o98 Lfl^^thm of 7. 

V 1. 652023 = Logarithm of j-. 



This produces the fiune eflWl in any operation as the 
logarithm before found, viz. — 0.367977, this being to be 
fubtraded, and the other added. 

Or the firadion may be reduced to a decimal, and its 1o* 
garithm found ; which logarithm differs from that of a whole 
number only in the index, which is to be negative. For an 
improper fta&ion, fubtrad the logarithm of the denominator 
from that of the numerator, and the remainder is the loga« 
rithm of the fira^on, as in the fra&ion |. 

o* 9542425 Logarithm of 9. 
o. 6989700 Logarithm of 5. 

o. 25(2725 =: Logarithpa of f • 



In the ftme manner the logarithm of any mixed number 
may be found, by reducing the mixed number into an im- 
proper fraftion* 

Or laftly, an improper fra6Hon may be reduced to a mixed 
number, and its logarithm mud be found as if it were a 
whole number ; and its index taken according to the integral 
part. 

In addition, fubtra6tion, &c. of logarithms, with negative 
and affirmative indices, the iame rules are to be obferved as 
thofe given in algebra, for lii^e and unlike figns. 

In addition of logarithms of Ihis nature, all the figures, 
except the index, are reckoned pofitive; and, therefore, the 
figure to be carried to the index from the other part of the lo- 
garithms, takes away fo muph from the negative ipdex. Thus, 

if x.8633a6 1^ adijed to 3*6989721 the funi is T.s6^29S. 

M 2 And 
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And in fubtradion, if cither one or both of the logarithms 
have negative indices, you muft change the isgn of the index 
of the fubtrahend, after you have carried to it what may 
arife from the decimal part, and then add the indices toge- 
ther ; thus, if 1.863326 be fubtra6^ed from 1.562298, the re- 
mainder will be 3.698972. In multiplication, what is car- 
ried from the product of the other i>arts of the logarithms 
mud be fubtraded from the product of the indices ; thus, if 

2.477121 be multiplied by 5, the produd will be 8.38560J. 
In divifion, if the divifor will exadly meafure the index» 

proceed as in common arithmetic. Thus, 4.924782 divided 

by 2, quotes 2.462391 ; but if the divifor will not exa^iy 
meafure the index, add units to the index till you can exactly 
divide it, and carry thefe units to the next firft number. 

Thus, if 8.385605 be divided by 5, it Quotes 2.477121, 

Involution and Evolution. 

Involution is ^rfbrmed by multiplying the logarithm of 
<he number given by the propofed index of the power ; and 
if the index of the logarithm be negative, the produft will 
be negative ; but what is carried from the decimal part of 
the logarithm will be affirmative ; therefore the diflFerence of 
this carried number and the product of the index will be 
the index of the produ^. 

Example i. To find the cube or third power of 3.07146. 

Example 2. To find the fourth power of .09163. 

Num. Leg, 

Root 3. 07146— o. 4873449 

3 



Pow. a8. 97575— i- 4620347 



Num, Log, 

Root • 09163 — a. 9620377 

4 



Pow. 0000704938- 5. 848x508 



Evolution is performed by dividing the logarithm of the 
power 6r given number by its power, and the quotient will 

be 
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be the logarithm, of the root; and when the index of the 
logarithm is negative, and the divifor is not exa^ly con- 
tained in it, without a remainder, increafe the index of the 
logarithm by fuch a number as will make it ^xadkly diviiible ; 
and carry the units borrowed, as fo many tens, to th^ deci- 
mals; th^n divide the refults by the index of the root. 

ExAMPLB I. To find the cube root of 12345. 

ExAurLE %. To find the cube root of .00048. 

JYttm. Log. I Num. Log, . 

Pow. X»345-" 3)4-09l491l I Pow, .00048 — 3)4;68X34X9 
Root 32. 1x162 — 1.3638304 1 Root .07829735 — 2.893747' 

In the lad example, a is to be added to the 4, to make it 

become I5J in which the divifor 3 is contained ^ times; an4 
the 2 borrowed is carried to the other figure 68 1, &c. ; and 

the logarithm of the root is 2.8937471. 



S E C T. III. 

OP TH£ RULE OP PROPORTION BT LOGARITHMS. 

To perform the Rule of Proportion ly Logarithms^ 

Rule. Add the logarithm of the fecond and third terms 
together, and from the fum fubtra6t the logarithm of the 
firft; and the remainder is the logarithm of the fourth 
number. 

ExAMPLi. Find a fourth proportional to tjie numbers 4, 
68| sind 3. 

1.832509 
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X.832509 Logarithm of 68. 

0.47 7 1 2 1 Logarithm of 3. 

a. 309630 Sum. 

o.6o2o6o Logarithm of 4. 

^'7^757^ Logarithm of 5 19 theanfwer. 



This rule is founded on the fame reafon as the rule of pro- 
portion in common arithmetic; for adding the logarithms 
of tbefecond and third numbers together, and fubtra^Hng 
Ae logarithm of the>firft from the fum, is the hme thing 
as multiplying the feqond and third numbers together, and 
dividing the produd by the firft. 

Or the operation may be performed by the following rule, 
viz. Againft the firil term write the arithmetical complement 
of its logarithm, and againft the fecond and third terms 
write the logarithms tfaemlelves; and the fum of thefe three 
logarithms, abating 10 in the index, will be the logarithm 
of the fourth term ; thus, in refolving the aforelaid queftion^ 
the operation will (land thus : 

^.397940 Arithmetical complement of log. of 4. 
1.832509 LiOgarithm of 68. 
0.477121 Loj^thm of 3. 

I -7075 70 Logarithm of 51. Anfwer. 



The refolution of problems of this nature is of emineiH 
fervice in trigonometry, as will be feea hereafter. 
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Of trigonometry. 



mam 



Definitions. 

t» 1 KidoNOMBTiT is the art of finding all the fides 
and angles of a triangle, from having any three of thefe, one 
of which, at leafl, mufl be a fide. Or, to find the ratio of the 
fides, when the angles are given ; and converfely the ratio 
of the angles, when the fides are given. And it is founded 
on the mutual proportion which fubfifls between the fides 
and angles of triangles, which proportions are known by 
finding the relations between the radius of the circle and 
certain lines drawn in and about the chrcle, called chords^ 
Jincs^ tangents^ fecants^ &c. ' 

For this purpofe, the circumference of a circle is divided 
into 360 parts, called degrees ; and every degree Subdivided 
into 60 other parts, called minutes, and every minute .into 
60 feconds, and every fecond into 60 thirds, &c. ; and any 
angle is faid to confifl of fo many degrees, minutes, and 
ieconds, as are contained in the arc that meafures the angle, 
or that is intercepted between the legs or fides of the angle ; 
the point of the faid angle b^ing at the centre of the circle. 

a. The 
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2* The complement of an arc is the difference between dtff 
arc and a quadrant. 

3. The fupplement of an arc is the dilFerence between the 
arc and a femicircle. 

4* The right fine of an arc, commonly called the^/r^, is a 
perpendicular fiadling from one end of the arc, to the radius^ 
drawn througii the other end of the fame arc, as D E (fig. i, 
plate 9) is the fine of the arc D B, and it is always equal to 
half the fubtenfe of double the arc. Thus, D £ is equal to 
half of D O, which is the fubtenfe or chord of the arc D O ; 
and the arc D O is double the arc D B. Hence the fign of 
an arc of 30 degrees is equal to one half the radius, becaufe 
the chord of 60 degrees is equal to the radius. 

5« The/irr complement of an arc is that part of the radius 
intercepted between the centre and the right fine, as C £, 
and is alfo the fine of the compleitient of the arc to a qua- 
drant ; for C £ is equal to F D, which is the fine of the arc 
DH. 

6. The cofine of an arc is the fame as the fine complcrnoenf. 

7. The verfed fine is that part of the radius intercef>ted 
between the right fine and the circumference of the circle 
as £ B. 

8. The tangent of an arc is a perpendicular drawn from 
the extremity of the radius to th^ fecant, ^ B G, which n 
the tangent of the arc D B. 

9. The fecant of an arc is a line drawn from the centre 
of the circle, through one end of the arc, till it meets the 
Ungcnt ; as C G. 

10. The cofccant and cotangent of an arc is the fecant and 
tangent of that arc, which is the complement of the former 
arc. And the chord of an arc, and the chord of its comple* 
ment to a circle, is the fame ; fo likewife the fine, tangent, 
and fecant of an arc are the fame as the fine, tangent, and 
fecant of its fupplement or complement to a femicircle* 
Thus, the fine £ D, the tangent B G, and fecant C G, i< 

the 
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the fioeii tangent, and fecant of the arc, D A, which is the 
fupplement of the fbimer arc DB. 

2 1. ThcjSmu tdtms is the greateft fine, being die fine of an 
arc of 90 degrees, or one quarter of a circle, and is equal to 
the radius of the circle. 

Thus^ the fines always Increafe from B, at whidh place 
they are nothing, till they come to the radius C H, which is 
the greatefi, being the fine totus. From hence they decreafe 
all the way along the fecond quadrant from H to A, and at 
length vaniih at the pcnnt A ; whereby we fee that the fine 
of the iemicircle B H A, is nothing. After this, the fines 
ard negative, as they proceed along the next finnicircle A O 
B, being drawn on the oppofite fide, or downwaids, from 
the diameter A B. 

AsDEistbecofineof DH: the fine, cofine, and radius 
of any arc form a right-angled triangle; aa,CDfi, orCDF; 
of which, the radius C D b the hypothenuie : and .therefore 
the fquait of the radius is equal to the fum of the fquares of 
the fine and cofine of any arc 

The fines, cofines, tang^ts, &c. of every deg^ and mi- 
note, in a quadrant, are calculated to a .radiu9 of i, and 
ranged in tables for ufe. But to fliorten the operation in cal- 
culations in trigonometry, we u(e the logarithnis of them, 
infiead of the natural numbers, which are called the artificial 
fines, tang^ts, &c. and thefe numbers fo rang^ in tables, ' 
form the trigonometrical canon ; and contain every fpedes 
of right-angled triangles; fo that no triangle can be pro- 
poied, but one fimilar to it can be found there by comparifon 
with which the propofed one may be computed by analogy of 
proportion. Laflly, fometimes the proportion is not cxprefl^ 
cd in numbers : but the feveral fines, tangents, &c. are ac- 
tually bud down upon lines of fcales ; from whence the line of 
fines, of tangents, &c. on the plane fcale^ the conifaru&ion 
and ufe of which follow ^— 

The /Uaaefcale is a nuithematical inftrument of moft ex- 
tenfive ufir, commonly two feet in length* The lines ufually 

TftLt II* V drawn 
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drawn upon it, are tbe following: — i. Lines of equal parts* 
2. Of Chords. — 3. Rhumbs.— 4. Sines.— j. Tangents. — 
6. Secants.— 7. Seini-tangents. — S. Longitude.— And, 9. La- 
titude. (Fig. 1.) 

I. The lines of equal parts are of two kinds : ▼iz.<'-fiin<» 
ply divided, and diagonally divided. The firft of tbefe are 
formed by drawing three parallel lines, and dividing them 
into any number of equal parts, by (hort lines drawn acrofi 
them ; and in like manner fubdividing the firft divifion into 
ten other equal fmaller parts, by which numbers or dimcn- 
fions of two figures may be taken off. Upon fome rulet 
feveral of thefe fcales of equal parts are ranged parmllel to 
each other, with 6gures fet to them, to fliow into bow many 
equal parts they divide the inch ; as ao, 25, 30, &c a. The 
diagonal divifions are formed by drawing eleven long pandlel 
lines, equidiftant from each other, which are divided into equal 
parts, and'crofled by other fhort lines, as the former ; then 
the firil pf thefe equal parts luve the two oulermoft of the 
eleven parallel lines divided into ten equal parts, and the 
points of divifion conneded by diagonal lines, as fkown in 
Menfuratior. The whole fcale is thus divided into dimen- 
fions of three places of figures. 

The othef lines upon the fcale are commonly ufed in Tri* 
gonometry, Navigation, Aflronomy, Dialling, &c. &c. and 
ane all conflruded from the divifions of a circle, as follows >-« 

a. Defcribe a ciicle* with any convenient ladioSf and di- 
vide it in fout equal parts, by two diameters, drawn at right 
a;igtes to each other, (fig. 2.) Continue one diameter C D 
towards F, and draw the tangent line £ A, parallel thereta; 
then draw the chords D A and D fi. 

3. To conflru^ the line of chords, divide the quadrant 
A D into 90 equal parts : then on A, as a centre, with tbe 



* Only half the circle is drawn in the figure for want of reoin | but 
in gemonl a complete circle it formed* 

oompaflkS| 
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compafles, transfer thefe divifions to the chord line A D, 
which mark with the corrtfponding numbers, and it wiU, 
become the line of choKls, which may be transferred to the 
rulcn 

4* For the line of rhumbs, divide the quadrant B D into 
eight equal parts : then with the compafles, from the centre 
fi» transfer the divifions to the line B D, which will be the line 
of rhumbs, 

5. For the Kne of fines, through each of the divifions of 
the arc A D draw right lines parallel to the radius D C, which 
will divide the radius A C into the fines, or verfed fines ; 
numbering it from C to A for the fines, and from A to C for 
the verfed fines. 

6. For the line of tangents, lay a ruler on C, and the fe**' 
veral divifions of the arc A D ; and it will interfed the line 
£ A, which will become a line pf tangents, transferring the 
numbers from the arc A D to that line. 

7. For the line of fecants transfer the divifions from the 
tangent line to the line F D with the compafies, and from C 
as the centre, marking the divifions with the correfponding 
mimberson the tangent line. 

8. For a line of (emi-taogents, lay a mler on B and the 
feveral divifions of the arc A D, which will interfeft the ra- 
4m C D in the feveral divifions of the femi-tangents, which 
are to be numbered according^to the arc A D. 

9. For the line of longitude, divide the radius A C into 
60 equal parts, through each of thefe draw lines parallel to 
the radius CD; the points where thefe lints irterfe^ the art 
A D are to be transferred with the compafies from A as a 
centre to the chord A D, and numbered thereon, which will 
give the line of longitude. 

10. For the line of latitude, the iemicircle A D B mud 
be completed to a circle, then a ruler laid on the point D, 
and on the feveral divifions of the line of fines, A C will 

- interfed the next quadrant of the circle, in as many points ; 
' when from the oppofite part of the circle to D, as the centre, 
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t be interiedious of the arc are to be transferreii to its cboitl, 
and numbered according to the nutnbert on the lioe of fines. 

The chief ufet of the lines of fines, tangents, fecantSi and 
iemi*tangents, are to find the poles, and centres of the feveral 
drdeSi reprefented in a projeAion of the fphere. 

I have been more particular in deicribing the conftruAion 
of this fcale, as it Is an indrument in moft general ufe in ma* 
thematics ; and by the foregoing dire<flions the learner may 
coa(lnj6k any lines on the fcale himfelfi where there happens 
not to be a nuthematical indriiment maker nigh at hand, 
and pbce them on a rule, as ieen^. 3. 



SECT. I. 

OF FLANK TRIGONOMETRr. 

The three methods of refolving triangles, or cafes in tri? 
' gouometry, are:— X. By geometrical conflrudiou. 2. Arich- 
nietica) computation. And, 3. Inftrumental operatiou. In 
the firft method, the triangle is conliru^ed, by drawing, 
and laying down the feveral parts, viz. — the fides from a 
fca|e of equal patts, and the angles from a Icale of chords, or 
other indniment: then the unknown parts are meafured by 
i**e fame fcales ; and thus they become known. 

In the fecond method, the temis of the proportion are 
ilated according to rule; which terms confift partly of the 
numbers of the given fides, and partly of the fines, &c. of 
angles taken from tlie tables j tlie proportion is then refdved 
like all otlier proportions, in which a fourth term is to be 
found from three given terms, viz. by the Rule of Three. 

In the third method of refolving the triangle, by inftru* 
mental operation, recourfe muft be had to the logarithoiic 
lines, on one fide of the two foot fcales ; extending the com- 
pafies from the firfi term to the fecond orlthird, which hap» 
pent to be of the iame kind with it; then. Uiat extent 9M, 

reack 
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retth fironi the other term to the fourth term. In this ope- 
ntti^H^lbr the fides of triangles, is nkd the line of mimbeni 
and for the angles the Hne of fines or tangents^ according as 
the proportion refpe6^$ fines or tangents. 

In every cafe in plane trigonometiy, there muft be given 
three parts, one of wUch, at kafi, muft-be a fide. And eveijr 
triangle that can be propofed, will £iU onder one of the thvee 
following caies: 

C A S E L 

lyhen two of ike three gwen Paris are a Side, and its 

oppofiie Angle. 

CASE 11. 

■ 

IVhen ttiere are given two Sides, and their contcunei 

jingle, 

' ^ CASE m. 

fVhen the three Sides are given* 

RuLi. For the firft cafe, viz.— That the fides are pro* 
pordonal to the fines of their oppofite angles : that is, as the 
one fide given, b to the fine of its oppofite angle, fo is 
another fide given to the fine of its oppofite angles Or, as 
the fine of a given angle is to its oppofite fide, fo is the fine 
of another given angle to its oppofite fide. Thus, to find an 
angle, we muft begin the prv^xxrtion with a given fide, that 
is, oppofite to a g^ven angle; and to find a fide, we muft 
begin with an angle oppofite to a given fide. 

Example. In the triangle, BDC, (fig. 4) having the 
fide B D equal to 106, the fide B C equal to 65, and the angle 
BDC, 31 degrees, 49 minutes, to find the angle BCD, 
and the fide C D. 

I • By geometrical Omftrudion, 

Ditw a line B D equal to 106; at D| make an angle of 31* 
4/ b7 drawing D C; take 6j in the compaifeSy and with 

one 



94 OF TRIOONOMSTirr. 



one Aiot at B, extend the other foot to C, in the line DC, 
^faen dnw tiie line B C« and it b dones for the angle 6 will 
be lao^ 43' ; the angle D, 3 1? 49^ and the angle B» »j^ tB*; 
and the fide D C, 56. 

■ ' « 

71 By arithmetical Computation. 



•f 



As the fide B C, 65 ^ 1.81291 

Is to the fine ande D, 3 1* 49' 9.71 198 
^ is the fide B V, 106 ta>»53 x 



■ 


11.74729 




1.81291 


To fine angl^ C, 120** 45' 


9.93438 


To find the fide D C. 






lof. 


At the fine angle D, 31^ 49' 


9.72198 


Is to fide B C, 6 c 

So is fine angle B, 27® 28" 


1.81291 


9.6639ft 




11.47685 


■ 


9-7*198 


To the fide D C, 56.88 


i,754Bs 


Or it mky be wrought as follows :— 




i8o*» 0' The film of three 


ant les 


59** I / Supplement of angle'C 


120^43' Angle 




3i°49' Angle D 




i52'*32' Their fum 




180° 0' 




152^32' 


- 


27°a8' Angle B. 





Here it muft be noted, that when the given angle b ob- 

tufe, the angle fought will be acute ; but when the ^ven 

angle is acute, and oppofite to a lefs given fide, then the re* 

' quired angle it doubtfol, whether acute or obtnfe $ It ought 

therefore to be determined befoie the opetation be perfonpod. 

For 
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For the above proportion giveb 59*^ 17' for the required an- 
gle ; but as it is ubtufe, its fupplement to i&o® mud be taken, 



viz. iao° 4j', 



3. By Giinter's Line^ cr in/brumental OperaiUm* 

RuLc. Extend the cctnpafles from 6$ to 106 on the linei 
of numbert, and that extent will reach from 31® 49^ to 59* 
X y on the UdC of fines. 

Seco^diy• The extent from 31* 49' to 27® a8' on the line 
of fines, will reach horn 65 to 56.88 on the line of numbers. 

CASE 11, 

When the three given Parts are two Sides and their 

contained jingle. 

I 

Rule. As the fum pf the two given fides is to the differ- 
ence of the fides, fo is the tangent of half the fum of the 
two oppofite angles or colangqit of half the given angle to 
thetangent of half the diflference of thofe angles. 

Then the half difference added to the half fum gives tht 
greater of the two unknown angles, and fubtrafted, leaves 
the leis of the two angles. 

Thus, having all the angles, the remaining third fide will 
be found by the former cafe. 

Example. Having the fide BC, equal to 109, B D equal 
to 76, (Qg. s,) and the angle C B D, 10 1® 30', to find the an- 
gle B DC, or B C D, and the fide C D. 

I. By geometrical Ckmftru&um. 
I 
Draw the line B C equal fo 109 and B D, fo as to make 

an angle with B C, of lox^ 30^, and make BD equal to 76; 

jcin BC and B D with a rigbr fine, uid it is done; for the 

angW & Wil{s metfttfed, is ibaad to be equal to 47^ i%\ 

die iu^^;30» jSVomI the fide t>il 144.8. 
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2* Arithmetically hy Logarithms. 

KdcB*C 109 109 igo^' o' 

Side B D 76 76 loi^'so" 

TTheir Sum jS£ their m difference 78°3o' ^JJ^ D * C. 

SQ*"!^ Halftheftail 



Then to fiod the angles D and C. 

As the fum of the fides B C and B 0=18$ 2.2671 7 

Is to their difference 35 1.5 185 1 
So is tan. of | fum of the angles C & D 39^ 15^ 9.91224 

11.43075 
•.26717 

To tangent of | the diff. of the angles C & D 8® i f 9.16358 

To I the fum of the angles D and C 390 1 5' 
Add half the difference of the angles C and D 8*^17^ 

Gives the greater angle D 47^32' 
SObtrafted, gives the lefler angle C 30^58^ 



To find DC. 

Ug. 

As fine angle D 47® 32' 9.86786 

Is to the fide B C 109 2.03743 

So Is fine angle B loi*^ 30' 9.991 19 

i2.oa86s 
9.86786 

To the fide D C, required 144.8 2. 1 6076 



3* By Ounier. 

Firfi. The extent from 18$ to 33 on the line of numbers will 
reach from 39'' i5'to8^ 1/ on the line of tangents. Secondly, 
the extent from theangkP 47^' 3a' to ^^ y/^ (tbc fnppk* 

nient 
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iiient of angle B,) on the line of fines, will reach from the 
fide B C 109 to 144.8, the fide D C required on the line of 
numbers. 

CASE III. 

tyhen the three Sides are given, to Jind the three 

jingles. . 

Rule* Let fall a perpendicular from the greateft angle 
upon the oppofite fide or bafe, dividing it into two fegments, 
and the whole triangle into fmaller right-angled triangles : 
then the proportion will be; as the bafe, or fum of thetwo 
fegments, is t# the fum of the other two fides; fo is the 
difference of thofe fides, to the difference of the fegments of 
the bafe. 

Then half the difference of the two fegments added to 
half the bafe, or half the fum of the two fegments, gives the 
greater fegment ; and fubtnfled gives the lefs. Thus, in 
each of the two right*angled triangles, there are given the 
hypothenufe and the bafi:, befides the right angle ; therefore, 
the other angles may be found by the firft cafe. 

Example. Having the fides B C equal to 10$ (/tg. 6), 
B D equai to 8$, and C D equal to 50 ; to find the three an* 
gles D, C, and B. 

I. Geometricalh/ by Conflrudion. 

I. Draw the line B C, equal to 105 ; with the compaffes 
open to 50^ and having-one foot on the point C, defcribe an 
arc ; then with the compafles open to 85 and one foot in B, 
cut the former arc in D, join B D and C D, and it is done ; 
for the angles meafured, B will be found equal to 28^ 4^ an4 
C 53^ 7', which being added together, and fubtraded from 
180% leaves 98^ 49^ for the angle D. 

VOL. IL • %. Ariiim 
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2. Jrithmeticalk/ by Logarithms. 

The two fhorreft fides of the triangle B D and C D added 
together, is 135, and their diflFercnce 35. The fegments of 
the bafe B C are found In the following numner : 

As the (ide 9 1 equal to 105 2.0a 1 19 

Is to the fum of the fides B D and D C 1 3 J 2.1 3035 

So is their difference 35 > •544^^7 

To the difierence of the fegments of B C 45 i .6532 x 

I 

Thus^ having the fiim and difference of the fegments of 
the bafe, it is only neceflary to add half their fum 52} to 
half the difference 22|, and it wih give the greater fegmcnt, 
which is 75; and which fubtrafted from 105 leaves 30, the^ 
leffcr fegment. 

Tdjlnd the Angle BDA. 

Log. 

As the hypothenufe B D 8$ x.9294e 

Is to the ndius zaooooo 

So is the greater fegtnent 7$ 1.87506 

To the Aim of the angle BDA 9.94564 



Therefore^ the angle B D A is equal to 61^ 56'.. 

To find the Angle ADC. 

Ug. 
As the hypothenufe D C 50 x .69897 

Is to the radius xcoooo^ 

$0 18 the lefs fegment 50 i«477<* 

To the fine of A D C 9-778 1^ 



Therefore/ the angle AI>C It equal to 36*^ 53^1 an? die 
whole anj^e B D C equat to 98® 49^ 

To. 
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To find the angle B, it is only neceflary to fubtra^ the 
angle B D A, or 61^ 56^9 frdm 90*, uti the remainder 28® ^\ 
is the angle B| and the angle C is equal to 53® 7'. 

3. By Gunter. 

X. The extent from 105; to 13 j will reach from 35 to 45 
on the line of numbers. Secondly, The extent from 85 to 
7$ on the line of Aumbcrsi will reach from the radius to 
61 • 56^, or the angle B D A, on the line of dnes. Thirdly, 
The extent from 50 to 30 on the line of numbers, will reach 
from the radius to 36^ S3^ ^^^ ^g^ A D C on the line of 
fines. 

» 

The three Coregoing cafes of plane triangles, contain all 
the varieties of both right and oblique triangles. But there 
are fome other theorems, fuited to fome particular forms of 
triangles, which are often more expeditious in ufe, than the 
foregoing general ones ; particularly the following theorem, 
for right-angled triangles, being x cafe which frequently 
#ccurs« 

CASE IV. 

fPTien in a r^ht-angled Triangle there are given the 
Angles, and one Leg, to find the other Leg, or Hjf- 
pothenufe. 

RvhM. As the radius is to the given leg AB (fi^. 7), b 
Js the tan^t of the adpcent angle A, to the oppofite leg 
B C; and fo is the fecantof the fame angle A, to thehypo« 
thenufe AC 

£xAMPi.i* In the triangle ABC, having the kg A B 
equal to 162, and the angle A equal to 53^ / 48^', and con- 
fequently the angle C 36"" 52^ i%"i to find the 6iies BC 

and AC. 

« 

02 !• G€§* 



/— .^ n^ 



i ■ .r-» n^ y-^ ^ ^ 
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I. Gemnetricalbf. 
Draw A B equal to x6a, and cred the indefinite perpendi- 
cular B C ; make the angle A 53^ / 48'' ; ^^^ «hc ^^e A C 
will cut B C in tlie point C, and form the triangle A B C, 
which, by meafuri^g, A C is found equal to 270, and B C 
to 216. 

a. Arithmeticalbf. 

As radius x 0.0000000 

IstoABx6a 2.2095x50 

So is thetengcnt A 53° 7' 48" io.ig4937* 

12.3344522 
xo.ooooobo 



T0BC2X6 a. 3344522. 

Soi8thcfecahtA53** 7^48" 10.22 18477 
To A C 270 2.43x3627 

3. By Gunttr. 

£xtend the compafles from 45^ at the end of the tangents, 
(the radius,) to the tangent of 53^!; and that extent will 
reach from x62 to 2 x6 on the line of numbers for B C. Then 
extend the compafles from 36^ 52' to 90 on the fines; and 
that extent will reach from 162 to 270 on the line of num- 
bers for A C. 

There is alfo another method of frequent ufe in trigono- 
metry, called, making evetyJtJe radius^ which is as fellows : 

Let ABC (fig. S) be a given triangle ; make the hypo- 
tiienufe A C radius firfi ; that is, with the extent of A C as 
a radius, and on A and C, as two centres, defcribe the two 
arcs C D and A £ ; then each leg A B, h C, will reprefent 
the fine of its oppofite angle : viz« The leg B C will be the 
fine of the arc C D, onof the angle A ; and the leg A B the 
fine of the arc A £, or of the angle C. 

Agyin, 
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Again, making cither ieg radius, the other leg will repie* 
fent the tangent of its oppofite angle, and the hypothenuft 
the iecant of the fame angle : thus, with the rad|ius A B and 
centre A, defcribe the arc B K ; and B C will reprefent thcT / 
tangent of that arc, or of the angle A, and the hypothenufe 
A C the fecantof the fame; or, with the radius B C and 
centre C, defcribe the arc B G ; then the other leg A B b 
the tangent of that arc B G, or df the angle C , and the by- 
pothenufe C A is the fecant of the iame. 

Then the proportions are obvious ; for the fides in this 
figure bear the fiune proportions to each otKer as the parts 
they repre&nt. 



SECT. IL 

or SPHERICAL TRICK>MOMBTRT. 

Sphbeical Trigonometry teaches the refolution of a 
Jpherical triangU^ having three given parts : and, like plane 
trigonometry, may be either right-angled, or oblique-angled ; 
but before the learner can proceed to the analogies of a fphe- 
rical triangle, it is neceflary to be acquainted with the fix 
following theorems : — 

Theorem I. 

In all right-angled fpherical triangles the fine of the hypo* 
thenufe is to the radius, as the fine of a leg is to the fine of 
its oppofile angW. And as the fine of a leg is to the radius,, 
fo is the tangent of the other leg to the tangent of its oppo- 
fite angle. 

Demonftrated thus. Let E D A F G (fig. 9) reprefeat 
the dghth part of a fphere, where tlie quadrantal planes £ D 
FG| and £ D B C» |tfe both perpendicular to the quadrao- 

tal 
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til plane A D F B, add the quadrantal plane A D GC Is per- 
pendkuiar to the plane £ D F G; and the fpherical triangle 
AB C IS right-angled at B> and therefore C A is the hypo* 
Ihenuie, and B A, B C, are the legs. 

Draw the tangents H F and O B to the arches G F and 
C B, and the fines G M, CI, on the radii D F and D B ; 
alio draw B L the fine of die arc A B, and C K the fine of 
AC: then Join I K and OL. Now H F, O B, G M, and 
C I, are all perpendictilar to the plane A D F B. And H D 
GK,and O L, lie all in the fame plane A DG C; aUoFD, 
I K, B L, lie all in the fame plane A D G C. Therefore, 
the right-angled triangles H F D, C I K, andO IXL, having 
the equa-anglcs H D F, C K I, O L B, are fimilar. And 
asCK is toDG, foi§^CltoGM| that is as^the fine of 
the hypothenufe is to the radius, fo is the fine of a leg to the 
fine of its oppoiite angle. For G M is the fine of the 
arc G F, which meafiires the angle CAB. Alfo as L B is 
tojy F, fo is 3 O to FHy that is,- as the fine of a leg is to 
the radius, fo is the tangent of the other leg to the tangent of 
its oppofite angle. Q;, E. D. 

From this it follows, that the fines of the angles of any 
oblique fpherical triangle, as A C D (fi^. lo)^ are to one 
another direftly as the fines of the oppofite fides ; therefore^ 
iii every right angled fpherical triarigle, having the fame 
perpendicular, the fines of the bafes will be to each other in- 
Terfely as the tangents of the aiig)es-at the bafes. 

Tkearem IL 

' In every right-angled fpherical triangle, as A B Q^C^. 1 1)» 
the proportion is, as radius is to the cofine of one Ic^, fo is 
the cofine of the other leg to the cofine of the hypothenufe. 

Therefore, if two right-angled fpherical triangjes A E C, 
CFD (fig, lo), have the fame perpendicular BC, theco* 
fines of their hypothc:nufes will bft to eac|| Qtb^.,direaiy as 
the cofines of their bafes« 
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Theorem III. 

In any fpherical triangle, the fHoportion is, At radius is to 
the fine of either angle, fo is the cofine of the adjacent leg to 
the cofine of the oppoiite angle. 

Therefore, in right-angled fpherical triangles having the 
£une perpendicular, the coiines of the angles, at the baiej 
will be to each other, diredly, as the fines of the verticat 
angles. 

TAeorem IV. 

In any right-angled fpherical triangles, the propoctkm is. 
As radios is to the cofine of the h)-pothenufe, fo is the taa» 
gent of drhcr angle to the cotangecK of the other angle. 

T^us, As die fum of the fines of two unequal arches is to 
thdr dilfeience, (b is the tangent of half the fum of thofe 
arches, to the tangent of half their diffisrenoe; and. As the 
Ann of the cofines is to their diStrenoe, ib is the cotangent 
of half the fufn of the arches to the tangent of half the dit 
fettnoe of the fame arches. 

Theorem V. 

In any fpherical triangles ABC (fig. i% and 1%)^ the 
proportion is, As the cotangent of half the fum of Judf the 
difierence, fo is the cotangent of half the bale, to the ungent 
of die difiance (D £) of the perpendicular, firom the middl^ 
of the bafe. 

Theorem VI. 

In any fpherical triangle ABC (fig* la). As the cotan- 
gent of half the fum of tlie angles at die bafe, is to the tvigeot 
of half their difference, fo is the tangent of half the yftAn 
cal angle, to the tangent of the angle which the perpendi- 
cuhir C D mukes with die line C F, bifeaing the verdcai 
angle. 

4 Tie 
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The Solution of the Cafes of right-angled J^herical 

Triangles, (Fig. n.) 



I ■■ 



-\ 



i 



Given. 



Sought. 



Solutioii. 



The hypo. AC, and 
ooe an;k A. 



The oppofite 
leg B C. 



As radiuf : fine hypothenufe A C 
:: firte A : fine BC. (byTheor. i.) 



The hypo. AC, and 

one angle A. 



The adjacent 
leg AB. 



As radius : cofine of A *.: tangent 
A C : tangent A B. (by Theor. 

1.) 



The hypothenule 
A C, and one 
anele A, 



The other an- 
gle C. 



As radius : cofine of A C :: tan- 
gent A : cotangent C. (by 
Theor. 4.) 



The hypo. AC. and 
one Ic^ A B. 



The other leg 
BC. 



The hypo. ACr and 
one leg A B. 



The hypo ACy and 
one \t% A B. 



I'he oppofite 
angle C. 



7 



The adjacent 
angle A. 



One leg AB, and the 
adjacent angle A. 



The other leg 
BC. 



One leg A B, and the 
adjacent angle A. 



The oppofite 
angle C. 



OnelegAB,aBd the 
adjacent Mn^t A. 



The hypothe< 
ntife A C. 



One leg BC, and the 
oppofite andc A. 



The other leg 
AB. 



One leg BC, and the 
oppofite an gle A. 

Onelr^BC, andthc 
oppofite afi^e A. 



llie adjacent 
anplc C. 



Both leg& A B aud 
BC. 



The hypothe- 
nufe A C. 



Fhe hypothe- 
nufe A C. 



•Both legs A B and 
^1 BC. 



1 



Both aiiglcs A and 
C. 



J Both angles A and The h3rpothe- 



C. 



Any angle, as 
A. 



Any leg, as AB. 



nufe A C. 



As cofine A B : radius :: cofine A 
C : cofine B C. (by Theor. 2.) 



As fine A C : radius :: fine A B : 
fineC. (byTheor. i.) 



As tangent A C : tangent A B :: 
radius : cofine A. (by Theor. t.) 



Ai^ radius' : fine A B :: tangent A 
: tangent BC. (byTheor. 4.) 



As radius : fine A :: cofine A B 
cofine C. (by Tficor. 3.) 



As cofine A : radius ;t taqseat A 
B ; tangent AC. (byTheor. i.) 



As tangent A : tangent B C :: ra- 
dius : fine A B. (by Theor. 4.) 



As cotine B C : radius :: cofine of 
A \ fine C. (by Theor. 3.) 



As fine A : fine BC :: radius 
AC. (byTheor. i.) 



fine 



As radius : coline A B :: cofine B 

C : cofine A C. (by Theor. 2.) 



As fine A B : radius :: Ungent B 
C : tangrent A. (by Theor. 4.) 



As fine A : cofine C :: radius : co-| 
fine A B. (by Theor. 3.) 



As tangent A : cotangent C :: ra- 
dius : cofine A C. (by Theof. 

4O I 



Note. The loth, ixth, and 1 2th cafes are ambiguous as 
it cannot be determined by the data, whether A B C, and 
A C, be greater or lefs than 90 degrees each. 

Ik 



Sobiiion^qfihe Cafes tf oblique /pheric^UTriangleSi 

(Fig. i%andiy) 



Given. I Sought. 



ides ACy BC, 
oficeiooneof 

B. 



The angle B, ojk- 

'poRtt or tiM 

other. 



ides AC, BC, 
, the angle A 
oficetoofieof 



m. 



The angle ACB. 



Solution. 



A» fiac 9 C i.Unc A :: fine A C V fine B. 
Nttf. WhcA3C iikCb JhaaAC.it can- 
not be deterftdned whether B Ve acute 
or ohtnfe. 



idfs AC, BC, 
the angle A The other 



mtetooneof 



m. 



fides AC, AB, 
1 (he faiclnded 
;1e A. 



Let fall the perpendicular C D upon'A B, 
produced (if nccefliif7);ihcn laidtus : co- 
fine AC :; tangent A ; cotangent ACD. 



fide 



AB. 



Ai radius : cofine A :: tangent AC : tan- 
gent AD. (by The6r. i.) This and the 
laft cafe are boih ambiguoui^ when 
the firft is fo. ■ . 



The 



other 
BC. 



fide 



As fiidius : cofine A :: tangeot AC ' tan- 
gent AB. (byTheof.f.) • Whence AD 
i^ alfo known. 






fides AC»AB, Either of the A»J]^f^= *:olin«JVj tjmgcm ^^^ 
1 the included] other angles, as 
^A. B. 



angles A, 
^, and the fide 
>betwiKtthem 



The other angle 
B. 



gent AD. (by Theor. i.) Whence BD 
is known ; then at fine BD : fineAD :: 
ungent A : tangent B. (byTheof. 4.) 



As radius : cofine AB :: tangent A : cotan- 
gent ACD. (byTheor. 4.) Whence 9CD 
is alfo knomn ; then as fins ACD : fine 
BCD :: cofine A : cofine B. fby Theor. 3.) 



•anises A, 
^B, and the fide 
? betwixt them 



Either of the 
other fidcby as 



%s nuiius : cofine AC :: tangent A : cotan- 
gent ACD. (by Theor. 4.} Whence 
B C D is alfo known} then as cofine 
BCD : cofine ACD :t tangent AC : tan- 
gcnt BC. (byTheor. i.) 



•ngles A, B, 
d the fide AC 
pofitt to one 
them. 



rrhe fide BC, 
oppofite to the 
other. 



As fine B; fine AC :: fine A : fine BC. 



angles A, B, 
d the fide AC The fide AB be- 



pofiie to 
them. 



angles A, B, 
d the fide AC 
pofite to one 
them. 



twist them. 



As radius : cofine A :: tangent AC : tan- 
gent AD. (by Theor. i.) and as tangent 
B : tangent A :: fine A D : fine^.B D, 
whence AB is alfo known. 



The other angle 
ACB. 



As ladius : cofine AC :: tangent A : cotan- 
gent ACD. (byTheor. 4.) and as cofine 
A : cofine B :: fine ACD : fine BCD. (by 
Theor. 3.) " 



iic three fides 
3, AC, and BC 



hetbfccanglea 



»It« 



«fti«^ 



Any angle, u A, 



Any fidf, as AC* 



AC+BC 



As tangent |A B tax^gent . 

tangent ISzlB tangent DB the dif- 

2 
tance of the perpendictilar firoiA the 
middle of the bafe, whence AD is 
known. Then as tangent AC : tangent 
AD :: rad. : cofine A. (byTheor. i.) 



Ascotangent ' ..ttangettt 



ACB _i 1. 

:: tangent 1^; : tangent of tha angle be- 

- a 
tween the perpendicular and a line bi 
fiefting the vertical angles, whence ACDI 
IsaUbknown. Then as tangent At lol 
tanaent ACD :: ladhia. : cofin* AC. I 

r— — Tfi 
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The foUowiiig propefiilotis concerning tpherical trianglei f 
will render them more inteliigible. 

I. A ipheiicii triangle is either eqnifitenli iibfcelar» or 
Icalene, according as it has the three angles all equal, or two 
of thete eqiud| or aB three Tinequal ; and vice ver/a. 

s. The gretfieft fide Is always oppofite the gjvtateft aaglei 
and the finalleft fide oppofite the Analleft angk. 

3* Any two fides, takea together, are greater than the 
third. 

4« tifbt three angles of a fpherioA triangle be all acutify 
«* all rig^ or all obtufe, angles, the three fides will be ac- 
cerfingl^ aUkfi than ^ degrees^ or equal le 90 degrees, ot 
greater than 90 degrees; and vice veefiu 

5. If from the three angles A, B, C, (fig. 14) oiF « iphe- 
lica) triafigjte, Af B^C, as poles, itieretfc defcribedirpon the 
fui^bce of (he fphere, three arched df a grear circle^ D £, D F, 
%vA F E, ibming by their tnoerfedions another fpherical 
triangle DBF; each fide of the new triangle will be the 
fupplement of the angle at its pole; aad each an]gle of the 
lk(M tiiangle win be thie fupplement of the fide oppofite to 
itiDthettwigleABa 

& In any triangle ABC, or A b C, right angled at A, 
ifig;. 1$,) Ate angles it the hypotheouft atfe always of the 
fime^Und as tiicir opp o fit e fides. And 4he hypothenufe is 
gneatfror4c6 tfaanaqoadtaiit, aoeoiduig as the 'fides, in* 
diidihg the right angle, sur of di£ferent kinds, or of the fame 
land ; HmTIs to lay, according as Ihefe fk'ffie fides are eith^ 
both obtufe, or both acute, or as one is obtufe, and the other 
«cutae, andwnr^tw^. Furft» the fides, including the right 
•agio, are always of Che fiime kind as theft* oppofite angles. 
Secondly, 'iSnt fides, mdudiMg the right angle, wi(l be of the 
fiune or difiereat kioda^ according as the hypothenufe is lefs 
or more than 90 degrees; but one of them at leaft will be of 
9odcgreeS| if the hypotheaufe be fon 

« 
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SECT. I. 

0COOBAPRICAL DBFtNITIOMS. 

l.Gfo^iAPUT fs the knowledge of the eaithy or ado- 
foripdoD of the tcntfirial globe, particuburly of the furfi^e 
^Bd luowo babkable parts thereof, with all its different di« 

s, Tha caiUi i< a ^bufatr body, furrounded with an at« 
siofpbcre of air, by which all terre(bial bodies are confined 
to kMurfaoe, being attraded thereto by the laws of grayity. 
' ^tbat the earth is of a globular ionp, has been demon* 
ftnrted by a miqiiber of experiments, pardcnhriy by ob* 
fcrrations of the edipfis of the moon ; in which k appean^ 
that the Aadow of the earth always appears circnhr, which* 
ever way it isproje&d. Alfo,by tbeobiemitionof (hipsat 
|ca» which, after their departure from any coafl,/ gradually 
diiappear to an obfcnrer on bad, from the bottom upwards; 
thaib, the firft pan which diiappears firom thefight, is the 
kcd, orlowff part of the Aipi then thofe parts which are 
higher up^ and fo on; the tc^ of the maft bdng the part 

pa that 
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that is lad feen ; this is owing to the coavexity of the waterS| 
which have the fame globular figure as the earth *. 

3. The earth alfo has a diurnal motion on its own axis, 
performing one revolution in 24 hours ; thereby occafioning 
the changes of the day and night, as will be feen in Aftronomy. 

4f The circumference of the globe is fuppofed to be di- 
vided into 360 parts, called degrees, and each degree fubdi* 
i^ded into 60 minutes, and each minute into 60 feconds, &c. 
Every degree contains 60 geographic miles ; confequently, 
the circumJFerence of the gflobe is 2 1,600 fuch miles ; and the 
diameter 6900 miles, fiut as 60 geographical miles are 
above 69 Britifti meafure, the circuit of the globe is there- 
fore 24,^40 Engliih miles, and the diameter almoft a third, 
or 7900 in round numbets. 

5» The globe of the earth con(i(h of knd and water : the 
proportion of thQ land tQ the >yater is not accurately known, 
but it is generally believed to be near one third. 

6. The waters' are divided into three oceans, (befides the 
tmaller Teas:) viz. The Athatic, Pacific, and the Indiah 
ocean, i. The Atlantic or Weftern ocean divides Europe 
'from America, and is 3000 miles wide. 2* The Pacific ocean 
divides America from Afia, and New Holland, and is ro,ode 
miles wide. 3. The Indian ocean lies between the Eaft In* 
'dies and Africa, and is 5000 miles wide. The parts oir 
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' • The philoTophcrs of the Uft age differed greatly in their defcrip- 
^dons of. the true fpherical figure of the earth, of which there were twto 
general opinioAs. The one roaintmiiied that th^ tarth waf .a prolate 
fpberoid : of this number was Caffini. The other party maintained it 
to be an oblate fpheroid : of this Sir I(aac Newton was the chief, who 
inftfted that the polar was Ihorter than the equatorhil diameter by i^i 
miles. A patty of philofdphers from France was fent by the king'of that 
eountry, to meafore a degree on the polar circle, and aKo on the equa- 
tor ; the refult of their experiment turned oat eaafUy in fiivour of Sir 
Ifiiac Newton'g theory. But this inequality of the ihape of the anb, 
9$ wcU as the ini qualities occafioiicd by the iQ9uatai|i8, fcc ^'»Mr 1^ 
^<nf^lt difference in the (brm of thp earth. 

4 brancbet 
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hnmchetof thdfeocetitf, caUed (bs, ts the MfidittrrnoMi 
lea, kc rtoetvtcheirtiamcBljnierdiyfiroiatbeoquB^^ 
border upon. . . , ; 

7. A ta^f or gu!/^ ka part of the iin, dmoft fii r it mn del 
by land ; as the gulf of Mexico^ tfaebay of. Bi&ay^ && 
. 8. A J^aii is a narrow pailase out of one .fia .into aan 
other ; as the ftrait of Gibraltar. ■ * 

9. A late is a water furronnded by hmd; as the lake of 
Genera. 

lo. Riven are teeams of il^afitr, ^ing from fprings is 
high grounds, and falling into the iea, or other riven ; ani 
kre wider near their mouths than towards their, heads. oc 
fprings: they aredefcribed in maps by bbuJL lines^ 
• XI. Tlie land is divided into two. g^reat coodneatt: ybu 
The eafiem and weflem continents^ befidcs iflaods; The 
eaficra continent is • fubdivided into three parts: yiz* En^ 
Tope^ which is the north»weft part ; Afia, the north-€aft| 
and Africa^, the fouth. -The weftem continent confifts-of 
America only, divided into North and South Americab 
. • 1%.- An iflami is a piece of land entirely furraunded by 
water. 

. 13. A penkfiUa is a country, or piece of land, furroundcd 
hf water, except on one fide^ where it j<niis to fome other 
bnd* 

24. An ifihmm is a narrow neck of hmd wluch j<»ns a 
peninfula to ibme other country ; as the iithflMis of Suc% 
wluch joins Africa to Afia ; the ifthmus of Darien, which 
jiuns North and South America. • > 

15. Kcafe^ called fometimes a pronnontocy, or head«Iand, 
is a pcnnt of land extending fome way into the {$^ 

16. The fur&oe of the earth is fuppofed to be divided by 
Several imaginary circles^ for the better determining the 
fituation and boundaries of the feveral countries and parts 
of the worU, of which the moft confiderabiecirdes are the 
following:—.!. The equmHt^ called alio the equinoAial linc^ 
which divides die gjobeof the earth into two equal parts, or 
<V :^ bemilpheffs, 
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i^rdi bfffiy wl i cw cqqaily diftMk Iwtt the 
upon thif circle the degrees of longitude are loaylled. m. 
Tk two infitmi eireUs t ^h, Tbe imfiic ff CtoKtrf or the 
Bortbcrn tropic, whi^ enoomptfti the gtol>o at M>e ^flanct 
•f t3f degrees iPDm the equator; and tho/nyrr tfCapniwn^ 
or ibuthero trc^ic, which : onoompaflb the glohe at tho 
ime diftMict on the ipvtii Mt of the equator The fpace 
bet w e e n thefe two tropics is called the Twrid Zme. j. The 
Iwo pokur drclws tIb.. the ea^Hie €k€hf which ftirnwnds 
1km marth pofef and ite amMrUk drcU^ which firnounds the 
ftatb pole} each at die diftance of 234 degroea frnm its lo* 
fpedive pole. The fpaoe included hctweco tlie croplo pf 
Canoerand die afftiacirek it calltdthe northern Tgmpatatt 
Smu^ aadthat ipace between the arftic cifck and the north 
poky is called the north Frigid 2^m$i and the Gonre^ond* 
big iJMcei 00 the fiintheni hearifpheiv have fimikr namesy as 
Ae finithem Ttmpirmtt JBmm^ and the fimlhem FHgid Zma^. 
4^ The mmJimml Hmsf whkh aioHnesiinwn at right anglet 
tB tie eqmtovy apd coinoiding at the poles. Tbcfe lines 
run £rt&ly north and fouth: and when the fun appears Ibtl 
fenthof any f^acQ^ be is then ^ to be on the ai^diaii of 
dm pkce; and it U (hen twehrf o'docl^ at noon at th* pkcr 
The latitude of pkces is always numbered 00 thefe Unesk 

S7. The ImgimJe is the diflancc of oae e oyn|r y Arons an- 
plhcii and k ciiier eaft or weft, and mcafiwed on the eqinu 
tor. The kn^tude of a pkoc is always meafcrtd fcom the 
cajutal of the country Where the author or ttaiv^lkp b 1 diii% 
when a peifon in lingknd ntentioos the iaogiiude of any 
other pkoi^ it is aiwasn underftood that the kngitnde k 
iflchaned Aon Looddi 1 that is, dM degraes of longitude are 
■icafiired on tht equator, and Aom diat part of the equatoiv 
vbcre tiMt Meridian pafing throngb liondoni inttiAds tke 
equcrer, at thatpartof the equator which k out by the nk* 
theothir pkoe mc^rcd lo. 

It. 
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§nm 4bt equaMT, ttilafired #b tbc mendioHiil itoc; a^ 9 
«bher oonk or lb«Hik. 

r 19. Tiie itaiMLMtaiiti W (Ik wOl tie 4iflH0MBi^ fiptni 

fach -othflr fey ihcir icbdvt. fitaitiasii of nrfaick thcvt Mt 

ftekoMd thtfec forts, Ftmgdf thhm ii» and iift>iAr^«»» 

I. The P^MVi are. ib^ p«|^ >vhD Ihrc at tte haH 

imhlioe imm tfi^eqiatxMV boC wmkr oppofitt notidiuu : 

the kAfdi of their €bfs aod ftifiMM h tl»£unt; but«tei 

kbaud^iaffwiiboo^icfaflaiiUg^withditocber. s.Tfat 

itoiori li^ HodkrllieiMieinertdiaii, fa«t oppofite paiaileii^ 

milif eqiMUydiAaiitfioai the equator; tkeooelviiigtAtka 

ibolih hitikbi aid the otker ia the aoctlu Tbefe haretfai 

faoattbefaaorhoarataooa; hot the knigeft dayofthcone 

«i the Ihotteft dlg^ of the otlttiv ^^ ^^ Aafbos of the year 

are tKAemti fer when it is faiatner with obOi k is oriBMr 

OFiCh the other. $. The jhHp$dtt ut ftootod dinfBtf oa 

opiMifitefite of the globe to each other, the Iwt of tbeoae 

. bftef dhwAly oppoGte to the ftct of the other. Thcfe He 

uader o|^)ofitB meiidisuni aodoppofitepaimUeht itlsaoon* 

day ^Mth theoac, when it ii owdnight with the other; the 

ktogeft day wkh the one^ is the Iborteftday wkh the other; 

aad whm It is fimMier with the oat^ it is winter with the 

other. 

aow Th» kihabitsoi of the eaffh are ftanedmes diftio* 
ginihed from each other (io g^Bogmphy) by the direftioft 
of their fliadows at noon-day ; and are called JM^i/cii^ Af^^h 
Hittnfcu^ or Ftrifcii. a. The Amfkifcii are thofe (ituated 
ih the torrid zooe^ and have their ihadows, one part of the 
year, direAed towards the north at poon-day, and at another 
part of the year, towards the fouth, at noon-day, according 
to the part of the ecUptic the fun is in ; confequently, the fun 
is vertical to thefe people twice a year. They are then called : 
—a. A/ciiy (howlng no Aadow at noon-day. 3. The Hete^ 
t9fen^ are thofe who inhabit the temperate zones, and whofe 
^adows at mid-day always fall one way : via. The ihadows 
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of thofe in the nonbeni temperate tdne, felling always to- 
wards the norrh, at noonnlay} aad-chofe in the fouthem 
xone, always fouth at uoon-day. 4. The Pa-ifcii are thofe 
who. inhabit cidKnr of the frigid zones. Thefe have their 
ftadows moved entirely foond them every »4 honrs, when 
the fun is in their heoiifpheres, and fo fer declined towards 
tbeir pole, as not to fet for ieveral days. 
: az» The i$rhtoit is properly a double circle-; one of the 
horiions being called yhtfinjthle^ and the other the ratkiud 
imrtzM. The former comprehends only that fpace which 
jre can fee around us, upon any part of the earth ; and is 
very different, according to the dificrence of our fituation. 
The other, called rdtiatal^ is penllel to the former, but paff* 
ing through the centre of the earth, and fuppofed to be con* 
tinued as far as the celeflial fpbere itfdf ; whereas the 
former is fuppofed to pafs over the furfece of the earthy 
where the fpedator flands i but in geography, when the ho» 
rizon is mentioned, the rational horizon is sdways under* 
fiood. By rcafon of the round figure of the earth, every 
different part has a diffierent horizon. The polet of the ho* 
rizon, that is, the points dire^ly above the head, and op* 
pofite the feet of the obferver, are called the xemtk and maJir, 
• 22. 1 he zeni/k is that pole of the horizon diredly over 
the obferver's head. 

. ^' 23. The naiiir is the oppofite pole of the horizon, or 
that direAly under the obferver's feet. 
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Defcriptt(m and Ufe of the Globes and JnmUary Sphere. 

By means of maps, the true fituations of the different 
places uf the eanh, wkh regard to one another, and every 
other particular relative to them, may be eafily known ; con* 
fequf ndy the hour of the day, feaibn of the year, kc. for 
any poittcular place may bt difcovtrred. But thefe problems, 
to be rtfolved by maps, would 1^ tedious and complex; 
therefore, thole machines called the celeilial and terreftrial 
globes, and the armillary iphere, have been invented, by 
which many calculations are laved, and every problem in 
geogra(4iy may be folvcd mechanically, in themoft eafy and 
expeditioai manner. 

If a map of the world be accurately delineated on a fphe- 
rical ball, the futfsLce thereof will reprefent the furfoce of the 
tkrth ; for the higheft hills bear no greater proportion to the 
bulk of the whole earth than fo many grains of fand do to a 
common mathematical globe of twelve or eighteea inches 
diameter ; the diameter of the earth being near 8000 miles, 
and no hill upon its farfkce is above three milei in perpen- 
dicular hdght. 

The aripillary fphere is a large hollow fphere of glafs, 
having as many bright ihids fiMedon its infide, as there are 
vifible fiars in the hcaven% and of the fame magnitude, and 
at the fame angular didances from each other. This fphere 
b a true reprefentation of the heavens, to an eye fuppofed 
to be placed in the centre ; for to an obferver placed any 
where within the furface of an indefinite fphere, all obje& 
will appear equally diflant, though fome be much nearer than 
others : and if a fmall globe, having a map of the earth 
"upon it, be placed on an axis in the centre of this fphere^ 
jind the fphere bt made to turn round its axis, it will repre- 
fent the s^pareni motion of the heavens round the earth 1. 
but if the globe be turned round its axis, while the fphere* 
reoiains fixed, it will reprefent the erne modoa of the earth. 



OF^QEQQUAPHr. ^ Ilg 



iaWWWW*"— WW»— WI^IW lil t I ' ■■ ■ jL ^ p 



If there be drawn a great circle upon this fphere, equally 
cUftant from its poles, and having the plane of the circle per- 
pendicular to the axis of the fphere, it will rq}refent the 
celei!ial equinox, which divides the heavens into two equal 
parti or hemifpheres ; and the two axes of the fphere will 
rfpreient the two poles of the heavens. 

If there be another great circle drawn upon the fphere, 
cutting the equino^ial at an angle of 23) degrees, in two 
oppoiite points, this circle will reprefent the ecliptic, or 
circle of the fun's apparent annual nu>tion ; one lialf of 
which is on the north fide, and the other half on the foutfa 
fide of the equino^ial. 

If there be made a large (lud to move eastward in this 
ecliptic, and with fucb a motion as to go quite round it in 
the time that the iphere is turned round wcftward upon its 
axis 366 times ; this ilud will reprefent the fun changing its 
place every day in the ecliptic, $ 365th part; and going 
round wedward in the fame dire^ion as the (lars, but with 
a motion fo much (lower than that of the (lars, that they will 
make 366 revolutions in the time that the fun makes only 
365, itbout the axis of the fphere. . 

If the terredrial globe in this machine be about one inch 
in diavieter, and the diameter of tlie (larry fphere about fire 
or fix feet, a fmall Infefl, placed upon the globe, would fee 
only a very fmall portion of its furface ; but it would fee one 
half of the furface of the ftarry fphere, the convexity of the 
globe hiding the other half from its view. If the fphere be 
fet in motion as before dire^ed, and the globe alfo revolving 
on its own axis, the infedt will fee all 4he phenomena ob« 
ferved by the inhabitants of thi> world, iu the diurnal rota* 
tion of the earth round it^ axis. 

The exterior parts of this machine are (everal brafs rings, 
which reprefent the principal circles in the heavens: viz. 
l« The equittoSiali %: the ecliptic^ divided into the figns 
and degrees, and alfo into the months and the days of the 



|l6 OF OBOORAPHT. 



year, to ihow in what point of the ecliptic the fun is on 
any given day in the ypar : 3. the tw9 tropics : 4, the arfik 
and antat^ic circles : J. the equino^ial colure^ which is a 
great circle pafOng through the north and fouih poles of the 
heavens, and through the equinoctial circle at the points 
where the equinodial is cut by the ecliptic : 6, \hefolfiiiiat 
colure^ which i$ a great circle pafling through the poles of the 
heavens, and at right angles to the equinoClial colure. Hence 
the follHtial colure paiTes through the equinoctial at the points 
where the equinodial is at the greatcft diftance from the 
ecliptic. Thcfc points in the' equinoctial ^re called the fd- 
JlitiaJ pctttts. 

In the north pole of the ecliptic is a nut, to which is fixed 
one end of a quadrantal wire, having at the other end a 
fmall fun, which is carried round the ecliptic, by turning 
the nut ; and in the fouth pole of the ecliptic, another qua* 
drantal wire is fixed, with a fmall moon upon it, which may 
be moved round by the hand. There is alfo a particular 
contriyance, for caufingthe moon to move in her own orbit. 

On the axis of the fmall globe is fixed a flat celeltial 
meridian, which may be fct direCtly over the meridian of any 
place on the globe ; and then turned round with the globe, 
iR) as to keep over the fame meridian. Thi$ globe has alfb 
a moveable horizon, which turns upon two wires, which 
proceed from it on the ead and weft points of the globe, and 
entering the globe at the oppofite points in the equator, which 
is a moveable brafs ring, let into the globe in a groove. The 
whole fabric is fupported on a pedeftal, and may be elevated 
or deprcfTcd to any number of degrees, from o to 90, 

Defcriptign of the Terrejlrial Globe. 

On the terreflrial globe are drawn all the principal circles 
before mentioned, as the equator, ecliptic, tropics, polar 
circles, and meridians. The ecliptic is divided into twelve 
figns, and each (ign into thirty degrees. Each tropic is 23I 

degrees 
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degrees from the equator; and each polar circle 33 1 degrees 
from its refpe^Hve pole. There are alfq circles drawn pa« 
rallel to the equator, at every 10 degrees diflance from it, on 
each (ide towards the poles ; thefe circles are called parallels 
ff latitude. There are, alfo, feveral other circles, drawn 
perpendicularly to the, equator, and interfe£ting each other 
at the poles; theie circles arc called merieltansy and fometimet 
circles of longitude^ or hour circles ; and on large globes they 
lire drawn through every tenth degree of the equator ; but 
on globes of lefs than 12 inches diameter they are drawn 
through every fifteenth degree. 

The globe is hung in a brafs ring, called the irazen nteri' 
iian^ turning upon a wire in each pole, funk into one (ide 
of the meridian ring. This meridian is divided into 360 
degrees; one lialf of thefe degrees are numbered from the 
equator to the poles^ to fhow the -latitude of places; the 
other half are numbered from the poles to the equator, to 
(how how to elevate either of the poies above the hcrizon. 
This ring divides the globe into two equal parts, called the 
eafiern and wejlem li^mi/phoes ; as the equator divides it into 
tBe tMrthem and foutkein hemi/pherei. 

The brazen meridian is let into two notches, made in a 

■ 

f>road Hat ring, called the ivo^den horizon ; the upper furface 

of which divides the globe into two fqual parts, called the 

* I, •• 

tapper zxAlvoo^hemifpheres, This horizon correlponds to the 

true rational horizon; and upon it are feveral concentric 

circles, which contain the months of the year, the figns and 

degrees anfwering to the fun's place for each montli and 

flay, the thirty- two points pf thetompafs, and the circles of 

amplitude and azimuth, with fome other circles. 

There is a Imall horary circle, fixed to the north part of 

. the brazen meridian, and having the wire in the north poI© 

of the globe in its centre ; on which wiit Is an mdex, which 

goes over all the twenty-four hours of the circle, as the 

globe is turned roun \ it^ axis, bometimes there are two 

horary circles, one at each pole. 
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There is a thto flip of brafs, callcdtht fHubr€tfU rf^t'uude^ 
4n4d6d into 90 degrees. Thjs is occafionally fixed to the 
uppermofi point of the bruen OKridiao, by a nut and fcrew, 
about which thfc quadrant turns round. 

There b aUoi to fome globes, a magnetic needle, which 
pu>ves over a ciKle, divided into 360 degrees, aifo over the 
ihifty-two pobts of the compafs. This needle ferves to fix 
the globe according to the mefidian of the place, as the 
needle makes nearly a conftant certain angle with thf men* 
dian, which angle is called the variation rf the c%mpafs ; and 
which being known, the globe may be re^ificd to the true 
meridian of~ the place : thus, at London, the variation of the 
ocfdle is 23 degrees northward; therefore, by moving the 
firame of the globe about, till the needle (ertles itfelf near 
the twenty-third degree, reckoning weftward from the north 
pmnt, we then have the brafs meridian of the globe coin« 
ciding with the true meridiig^ of the placo^ 
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SECT. II. 

Of THE SOLUTION OF OSOGRAPHICAL PKOBLSMS. 

DtreSions for vfing the Globe. 

Ih ufiog the globe, the eafl fide of the horizon ipuft always 
he kept^ towards you (except the globe require turning by 
the Problems), for then the graduated fign of the meridian 
will be towards you, the quadrant of altitude before you, and 
Ae globe divided eza&ly into two hemifphereS| by the grap 
duaied fide of the meridian, 

3 . When 
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When it is faired to turn the globe and fnmt entirely 
found, as is the cafeih working fome Problems, the bdU of 
the globe will fonietimes be moved from the degree to which 
it is fet, by fuch motion $ to avoid this, ^he (leather end of a 
quill may be thruft between the ball of the globe and the 
tneridian, which, Without hurting the ball, will keep h frt)di 
turning in the meridian, while you turn the horlzoti about. 

PROBLEM I. 

To find the Latitude and Ijongitnde of any given Place 

upon the Globe. 

Turn the globe oif its axis, until the given place comet 
exactly under the graduated fide of the brazen meridian, and 
obferve what degree of the meridian the pkce then Hea 
under, which is its latitude^ and is either north or fouth. 

The globe remaining in this pofition, the degree of the 
equator, which is under the graduated fide of the brazea. 
meridian, Is the kmgitttdc of the place ; and is either eaft or 
weft, as the place lies on the eail or well fide of that which 
b accounted xYkcfirJt meridian. Thus, ail the Atbntic Oceaa^ 
and the continent of America, is on the weft fide of the 
meridian of London ; and the greater part of Europe and of 
Africa, together with all Afi^ is oh the eaft fide of the 
meridian of London, which is reckoned the firft meridian*oi' 
the globe, by Britifli geographers and aftronoolers ; though 
the exa£t meridian for England is that of Greenwich. 

P R O B L E M ' ir. 

To find any Place on the Olobe, having the Latititde" 

and Longitude. 

This is the reverie of the former Problem, and is found 
by bringing the point ^f longitude in the equator to the 
brazen iiieridia;»: then count from the equator on the brazes 

mendiaa 
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meridian to the degree of the given latitude ; and under that 
degree of latitude will be the place required. 

P.ROBLEM IIL 

Tojind the Dijferen'-e of Longitude^ or Difference of 
Latitude, hetu een any two given Places. 

Bring each of the two given places to the brazen meridian, 
and mark :hrir latitudes) then, if both places are on the fame 
fide of the equator, the lefTer latitude fubtrafted from the 
greater will give the difference ; but if they are on different 
fides of the equator, both latitudes mud be added together. 
And the difference of longitude is found by bringing each 
place to the meridian, and reckoning on the equator the 
difference oF degrees between the meridians of the two 
places, if it be le/s than i8o degrees, or half a circle; but 
if the difference be greater, h muft be fubtra6led from 360, 
and the remainder is the difference of longitude. 

PROBLEM IV. 

To find all tkqfe Places that have the fame Latitude 
and Longitude with any given Place. 

. Bring the given place to the brazen meridian; then all 
thofe. places whicli lie under the faid meridian will have the 
iame longitude. Tbtu turn the globe round on its axis, 
and all thofe places which pafs under the fame degree of la- 
titude in the brazen meridian, fhat the given place does^ 
have the fame latkude. 

PROBLEM V. 

To find the Difiance between any two Places on the 

Globe. 

Lay the graduated edge of the brafs . quadrant of altitude, 
onr both the places, and count the number of degrees in* 

tercepted, 
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lercepted between diem oo the quadiant, which will be the 
diftaoce in degrres; and which multiplied by'60| willgire 
the diftince in geographical miles; but multiplied by 69} 
gives the diftaace in Engliih miles. Or, thedifiance between 
the two places may be taken with a pair of oompaffi»| and 
that extent applied to the equator, will (how the number of 
degrees di&uit. 

PROBLEM VI. 

The Hour of the Day at any Place being ghen^ to find 
what is the Hour at any other Place* 

Bring the given place to the brazen meridian, and fet the 
index to the gLren hour ; then turn the globe, until the place 
where the hour is required, comes to the meridian^ and the 
iqdex will point to the hour at that phce« 

PROBLEM VIL 

To find the San^s Place in the Ecliptic, and his Decli* 
nation, for any given Day in the Year. 

Look 00 the wooden horison for the giren day, and againft 
h there is placed the degree of the fign in which the fun is 
on that day at noon. Find the fame degree of this fign in 
the ecliptic line upon the globe, and having brought it to the 
brazen meridian, obfinrve what degree of the meridian ftands 
over it; and that is the fun*s declination, reckoned from the 
equator. 

PROBLEM. VIIL 

To find all thofe Places in the north Frigid Zone where 
the Sun begins tojhine conftantly, without Jetting, 
on any given Day : which mufi be between the 2\fi 
of March and the 2312 of September. (See f%. %, 
Plate 15.) 

Having broMght the fim*s plaqr fooi the ^ven day to the 

^Vrazen meridian, and found bit declina^n, (by Problem 

YOt. !!• ft yiL) 
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VII.) count as many degrees on the meridMn from the north 
pole as are equal to the fiin*s declinationi and mark that de* 
gfee from the pole on the meridtan ; then turning the globe 
round on its axis, obferve what places in the north fri^d zone 
pais dktSdy under that tnark ; for they are the places re- 
hired* 

The fame problem may be refolved for places wMiin the 
fouth frigid zone, . for tbd tihft half of t)ie year. 

PROBtEM Kt. 

JV> fi^ ihe Place over which the Sun is vertical at any 

Hour of a given Day. 

' Fiod the fun's declination for the given day, (by Problem 
VII.) which mark on die brazen meridian ; then bring the 
place where you are, (fuppofe London,) to the brazen meri« 
dian, and fet the index to' the given hour; then turn the 
j^Dbc'on its a^is until the ind^ point to is at noon; and 
the place on the globe which is 4ireftly nnder the point' of 
the fun's declination, marked upon the meridian, has the fun 
that moment in the zenith, or diredly vertical. 

l^Qte. The hour ii at noon on the hour circle is the up* 
permoft i%. 

PROBLEM X. 

Having the Day and Hour of a Lunar Eclipfe^ tofind 
all thofe Places of the Earth to which it iluiU le 
vifible. 

: When the moon is eclipfed, flie is alw^ at the ftiU, and, 
,Oonfequeotly, oppofite to t)ie iua s therefore, whatever part 
l^ the earth the fun is vcrttca} to^ the nwon muft be vertical 

to the antipodes of that part; confequeatly, the fun will be 

viiible then to one half the earth, and the moon to the other 

half. 
^ Therefore, (nd the place to which the fun is vertical at 

ibt Ji^fn howr^ (by Probiem DC.) elevate the pole to tic 

'^ hthudcf 
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of that pbec^ and bring the phce lothe upper jwt 
4)f Che hrasen oieridiao : then as the fiin wiH be. vififaie to, 
all thofe parts of the globe which are above the ^orooo, 
the moon will be vifible to all thofe parts below it^ at the 
middle of the eclipfe. 

- ' PROBLEM^ XI. 

t 

To reBify the Globe for the Latitude, 4he Zenith, and 

the Sun*s Place. 

Find the latitude of the places (by Problem I.) and if 
the place be in north latitude, raife the north pole as many, 
degrees above the horizon, counting upon the meridian fron\ 
the north .pole to the horison ; but if the phce be in fouth 
laiitudfli. raife the ionth pole as many degrees : then turn the 
globe. tiU: the .place comes under its latitude on the brazen 
merUigj^y and hikiot thie quadrant of altifiude to. the merir 
<Mai^ ,ib that the chamflered edge of its nut njay be joined to 
the aenith. Then bring the fun's place in the ecliptic for. 
tbe gjvea d^y^ to the graduated G^c of the brazen meridian^ 
and fd the hour index to ia at noon^ and the globe will be 



PROBLEM Xn. 

Having (he Latitude of any Plaee between the two 
Polar Circles, to find the Time of the Sun's Rifing 
and Seitifig, or- the Length of the Day and Nighty 
for any given Day in the Year. 

ReAify tile globe for the kdtude, and the fun's pkce, by the 
foregoing problem ; then bring the fun's pbce in the ecliptic 
to the eaftem fide of the horison, and the hour index will 
.ihow the time of fuu-rifing; then turn the globe on its axiS| 
until the fun's pUice comes to the weflem fide of the horizon, 
and the index will then (how the time of fun-fetting.^ 

a» • The 
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The hour of fun-fetdng being doubted, gives the lengtb 
of the day ; and the hoar of the fun-rifing doubled^ gives the 
leog^ of the night 

PROBLEM XIII. 

Having the Latitude of a Places and the Day of the 
Month, to find when the Morning Twilight begins^ 
and Evening Twilight ends. 

Re^ify the globe, and bring the funS place in the ediptie 
to the eaftem fide of the horizon ; then mark that point of 
the ecliptic which b in the weftem fide of the horixon, 
#h!ch is the point oppofitc to the fun's place; and lay the 
quadrsnt of altitude over the fiud pomt, and turn the globe 
caftwaxd, keeping the quadrant at the fiime mark, until the 
laid point on the ecliptic is t8^ Ugh on the quadnut^ and 
the index will point out the time when die morning twilight 
beg^s; for the Ain*s phce will be i8^ bdow the eaflem 
fide of the horizon. Then, to find ^ time when the even* 
ing twilight eiids, briqg the fun's phce to the weftem &6e 
of the horizon, and the point oppofite to it, which was 
marked, will be rifing in the eaft; bring the quadrant over 
that point, and keeping it thereon, turn the globe weftwiM^ 
until the faid point be 18^ above the horizap on the qua* 
drant, and the index will (how the time wheA |be evening 
twilight ends; as the fun's place will be then i&^ below the 
weflem fide of the horizon. 

When tiie fun does not go x8^ below the horizon of any 
place, the twilight contbues the whole night in that pbce: 
and between 49* of latitude, and the polar circles, the twi- 
light continues for feveral nights together, in the fummer fea* 
fon: and the nearer the place is to the pohr circlCi the 
greater is the number of thefe nights. ., 
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PROBLEM XIV. 
Tojmd what Day of the Year the Sim begins tojhim 
con^anily withoui fitting^ on any given Place in the 
Fripd Zone^ and koiv long it continues to do Jo. 
Redify the globe for the latitude of the place, and turn h 
about till ibme point of the edipdc, between Aries and Gan- 
cer^ (if the given plac^ be in the north fdgid zone,) coincides 
with the north point of the horizon, where the bra^Een meri- 
dian cuts it* Then find on the wooden horizon, what day of 
the year the fun is in that point of the ecfipdc ; for that is 
the day on which the fun begins to ihine conflantly on the 
pven placet without letting. Then turn die gfobe until 
feme point of the eclipdc, between Cametr and LiSra^ auncide 
with the north pobt of the horizon, where the. brazen meri- 
dian cuts it; an4 find on the wooden horizon on what 
day the fun k in that point of the ecliptic; which is the day 
the fun leat^es off conftantly ihining on the find phoey and 
rifes and 6ts to it, as to other places on the globe. Tim 
number of natursl days, or complete revolutions of the fun 
•about the earth, between the two days above found, is the 
time that the fud keeps conflantly above the horizon without 
fetdtog ; for all that portion of the ecliptic which lies bet we e n 
the two points which interfed die horizon in the very north, 
sever lets below it ; and there is juft as much in the oppofiti: 
part of the ecliptic that never rifes ; therefore, the fun wiU 
keep as long conftandy below the horizon of every place 
upon the globe in wintei^ as he ii above it in fiunmer. 

PROBLEM XV. 
flaving the Latitude, the Sun's Placfi, and hU Akifude, 

tqjind the.Hpur of the Day, atid the Sun*s Mmstfhf 

pr Number of Degrees that he is diftant from tki 

Meridian. 

Having redified the -globe, and brought the fun's place to 
fhe pven height vpoo the .quadrant of altitude which muft 
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be on the eaftera fide oi the horizon, if the time be in the 
forenoon ; and on the weflvm 'fide il It b^ afternoon ; then 
tke \ndtx %ria Ao# tht hour o/ the d^y ; andi the ntiidbct of 
AagrHiB in the hofixon infercqpted between the qimcbsiir of 
altitude and the fimth pointi irill be the fun'a mie atiiMth 
fli that time. 

PROBLEM XVI. 

Tojind what Hour of the Day it is, in ax^r Part of the 

ITorld. 

1 

. Hefiify the i^obe for the ladtude of the place ; and baviaf 
Irt the index to the hour of the day, turn the globe, aad 
bring the pbcei 6f which the hour ii rtqoired, fucceffively to 
Ae braxen meridian, and the index will point to theTevtial 
iMna. For example: if the place beLondoa, and the hour 
ssatoooh, tbe globe bdng re^ified for London, and London 
broDght to tbe meridian, and the ittdex fet to the hour X2, 
tvr* the globe, till Naples comet to the braten meridian, and 
ibt index then will po^nt to the hour J ; Naples being i $^ 
caAward of London. Then -coiltiaiie to turn tiie gllobe 15^ 
forther, md Peterfturgh, ConiUminoplf^ and GiUnd Cairo, 
will come under the brazen meridian, or very near it, then 
the. index will point to tbe hour a ; thefe three dties having 
the noon-day fiin about two hours before us In Londoo. And 
turning the globe 25^ fiuther, the index will pcntit to the 
boor 3 ; and all the pkces under the meridian will have the 
fun vertical to them. And thus for every 15^ of lougik«4e 
eaftward, the inhabitants of thofe places have the fun an hour 
fooner.. On, the cbnCrary, tt\ the inhabitiutits (Jtuated to the 
Weftward of LondcM, have the fun httr hi the fame propoi^ 
tioti ; that ill, an hbnr kter for ev«ry 15® of .wefterii Icmgi** 
vnoe* 

• Moft of the foregoing Plobleme itiay be rdblved by a map 
la weB as a globe^ though the opertidon nay be fomewbiv 

_ , moPB 



more tedkxis, partioikfly by f late iO| where the two he- 
mii^befes of the world reprefent the furfkoe of a terreftrkt 
globe in piano. 



WINDS. 

• « 

Windi are generally divided into two pirtSi atcSording t9 
thediSierentpartsofthecarthon which they blow; being th* 
tropical winds, or thofe which blow between the twa tropics, 
and thofe which blow without the tropics. 

The tropical winds generally extend to 30^ on each fide thi 
cquittor, and ate of three kinds : i. The general trmde»t9duk* 
ft. The mmfimis. 3. The fia ond land hrtmes. 

' I. The trade* winds blow from north^eaft on the noithfde 
of the equator, and from the fouth-eafi on the fouth fide of 
the equator, and near the equator almoft due eaft ; but under 
(he equator, and Arom 2 to 5^ on each fide of the equanw, 
the winds sere variable; and femetimes it is cakn for a month 
together. 

9. The monfoons are periodical winds, which blow fix 
«K>nths in one dtreAion, and the other fix months in the op* 
pofite dire^ion: At thv change or ihiftiog of the monfoons^ 
are generally violent Horms of wind, thunder, Ughtoingi and 
rain, which always happen about the equinoxes. The moa- 
Ibbns extend about two hundred leagues from land, and aft 
cbiefiy Hi ^e Indian feas. n 

3. The iea and land breetes are alfo periodical winds, 
^hich blow from the land in the night, and befi^part of the 
tnoming ; and from the fea from ten in the forenoon till fi4 
in the evening. Thefe do not extend above two or three 
leagues, from' ihore. 

Near the coaft of Qui nea, in Africa, th^ wind blows almoft 
conihintly from the weft.. 

On the coaft of Peru, hi Sooth Amenca, *e wind blowt 
confbndy fronbdie 4eiuHi-#HI. 

% Between 
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Between the third and tenth d^ree of fouth iititiKie, th« 
ibuth*caft tnde-wind continues from April to OAobers but 
during the reft of the year, the wind blows from the noiA** 
weft. Between Sumatra and New Holbmd this wind blows 
from the fouth from March to September ; but from Septem-* 
ber to April blows in the oppofite diredbn. Between Africa 
and Madagafcar its direction is influenced by the coaft ; for 
k blows from the nofth*eaft ftom O^ober to April ; and 
from the fouth-weft the reft of the year. 

In tUe Indian ocean, to the northward of the third degree 
of fouth kititude, the north-caft wind blows from Odober to 
April, and the oppofite wind the reft of the year. This 
wind blows nearly from the fouth in the fummer months, 
from the ifle of Borneo, along the coaft of Malacca, as far as 
China I and in the winter months it blows from the nonh by 
caft. 

In temperate sones the winds are very irregular, and 
no certain rule can be formed of their changes. But when 
winds arer violent and continue long, it is generally found 
that they extend over a large traft of country ; particularly 
if they blow from the north or eaft. By the multiplication 
and comparifons of meteorologjical tables, the following 
theorems have been deduced. 

In Virginia, the prevailing winds are between the fouth- 
Weftf weft, north, and north- weft; but the moft frequent is 
the foutb-weft. At Ipfwich, in New England, the prevaiU 
ing winds are the fame, but the moft fr^uent b the north- 
weft. At Cambridge, in the fame province, the moft fre- 
quent is the foutfa^ft. The predominant winds of New 
York are the north and weft. And in Nova Scotia, north* 
weft. And at Hudfon's Bay, weft. 

It appears from thefe obfervations, that the weflerly windf 
are the moft frequent over the whole eaftem coafb of North 
America; but in the fouthem ]Mt>vinces the fbuth^-weft 
wind is predominant ; and the north*weft wind become&vfra- 
dually nooft frequent u we approach the frigU loim. 
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In Egypt, from May to September, inclufive, the wind 
blows almoft condantly from the north, varying in a few 
points from ead to weil, in the months of June and July. 

In the Mediterranean fea the wind blows nearly nine 
months of the year from the north ; and at the equinoxes there 
is always an eaderly wind in that fea. But in the ftraits of 
Gibraltar the winds are either from eaft or weft. 

In Italy the prevailing winds differ confiderably, according 
to the fituation of the places : at Rome and Padua they are 
northerly ; at Milan eafterly. 

The prevailing wind in Spain and Portugal is the weft ; 
particularly on the weftern coafts of thefe countries ; but at 
Madrid it is north-eaft. 

In France, along the whole fouth coaft of that country^ 
the wind blows nrM>ft frequently from the north, or north- 
eaft and north-weft. On the weftern coaft of the Nether- 
lands, as far north as Rotterdam, the prevailing wind is the 
(buth-weft. 

From the rcgifter, kept for the fpace of ten years, by order 
pf the Royal Society at London, the average of the winds at 
that place, blow in the following order : — 

Winds. Days. Winds. Days. 



South-weft 112 

North-eaft 58 

North -weft 50 

Weft S3 



South-eaft 32 

Eaft 26 

South 18 

North 16 



It appears from this regifter, that the fouth-weft wind 
blows at an average more frequently than any other winds, 
during every month of the year, but particularly in July and 
Auguft ; and the north-eaft blows moft conftantiy; during the 
months January, March, April, May, and June, and nioft 
feldom during February, July, September, and December; 
and the north- weft blows more frequently from November to 
March ; and more feldom in September and October than 
in any other months. 

▼OL. II. s TlJts, 
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Tides. 

The dde is that rife and fall of the water obferved on all 
maritime coafh. 

It is obfervable, that on the (hores of the ocean, and in all 
bays, creeks, harbours, &c. which have a free communica- 
tion with the ocean, the waters rife up above a certain mean 
rate twice a day, and as often fink below : thb is what is 
called the JlooJ and e66 ; or an high and low water. The 
whole interval between high and low water is called a //V/r .- 
the water is faid to flow and to e6S ; and the rifing is called 
Xht flood tidty and the falling the e6i tide. 

This rife and fell of the waters is very variable in quan- 
tity. Thus, at Plymouth it is fometimes twenty-one feet 
between the greateft and leafl depth of the water in one day, 
or between high and low water ; and fometimes it is only 
twelve feet. 

The greateft flow of tide in any place is called ^fpring tide^ 
and the leall flow is called a neap tide; and the different 
heights of the tide gradually increafe every day from a neap 
to a fpringtide; and then gradually decreafe from a fpring 
to a neap tide. 

The whole time between the fpring and neap tide b 
about fifteen days ; and two of thefe intervals will make an 
exa^ lunation, or change of the moon. For the fpring tide 
is obferved to happen at a certain Interval of time (generally 
between two and three days) after the new or full moon ; 
and a neap tide at a certain interval after the half moon. 
Thus, the high water happens at new and fiill moon, when 
the moon has a certain determined pofition with refpe6t to 
the meridian of the place of obfervation, preceding or follow* 
ing the moon's fouthing a certain interval of time ; which is 
always conflant with refped to that place, but very different 
in different places. 

a The 
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The interval between two fiicceeding high waters ii very 
variable. It is leaftof all about new and full mooui and 
g|!tateft when the moon is at her quadratures. As two high 
waters happen every day, we niay call the double of their 
interval, a tide day. Now, this tide day is ihorteft about * 
new and fiill moon, being then about 24 hours and 37 mi* 
iiutes ; but longeft at the moon's quadratures, being then 2 j 
hours and 27 minutes. 

The tides, being in finiilar circumflances, are greateft when 
the moon is at her leaft difbmce from the earth ; and leaft| 
when (he is at her greateft diftance from the earth. 

The fame may be remarked with refpeft to the fun*s dif- 
tance. Thus, the greateft tides are obferved during the 
winter months in Europe, or when the fun is at his leaft 
diftance. 

The tides in every part of the ocean increafe as the moon, 
by changing her declination, approaches the zenith of that 
pUce. 

The tides which happen while the moon is above tbt 
horizon are greater than thofe of the fame day, when the 
moon is below the horizon. 

Thefeare all the reguhu' phenomena of the tides. They 
are of the utmoft importance to all commercial nations, and 
have therefore been much attended to by all navigators and 
aftronomers. 
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SECT. III. 

THB GRAND DIVISIONS OF THE EARTH. 

Thb principal divifions of the earth, as before meoiioned, 
are, into land and water. 

The land is divided into two great continentSi befidet 
iflands: viz. The eaflern and weftern continents. The 
-eaftern continent is fubdivided into the following parts: 
viz. Europe on the north-wefl, Alia on the nqrth-eaft, 
and Africa on the fouth, being joined to Aiia by the Ifthmus 
of Suez, which is 60 miles over. The weftern continent 
conlifts of North and South America, joined by the Ifthmus 
of Darien, between 60 and 70 miles in breadth. 

Europe is again fubdivided into the following principal 
parts, and is (ituated between the tenth degree weft longitude 
and the fixth-fifth degree eaft longitude, and between the 
thirty-fixth and feventy*fecond degree of north latitude. It 
is bounded on the north by the Frozen Oceau^ on the eaft 
. by Afta, on the fouth by the Mediterranean Sea, which 
divides it from Africa; and on the weft by the Atlantic 
Ocean, which feparates it from America ; being 3000 miles 
in length, from Cape St. Vincent in the weft to the mouth 
of the river Oby in the north-eaft; and 2500 miles broad 
from north to fouth, from North Cape in Norway to Cape 
Cayha in the Morea, the moft fouthem point of Europe. 
It contsuns the following ftates and kingdoms : 
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A TABLE OF EUROPE. 





I 


"^ 






£»„,W, 


Dyi««.rf 




A'iirhn. 


1 


a.v cw«. 


■ /rvm 


^rr. 












a. M. S. 


D. M S. 


H. M.S. 




EogLind 


360 


300 


London" 


51 it 


5 37W 


o„4af. 




Scolluid 






idinburgh 


55 S? J 7 


1 » isw 


11 4viJt. 




Ireland 


185 


160 


Dublin 


ij 11 11 


fi 6 30W 


14 161ft. 








JOO 


Berjin 


60 II 


S 45 •>£ 


14 ohet. 




Deonurk 


140 


iBo 


Copenhagen 


55 40 45 


" 15 'SE 


5° iiW. 




Swalen 


Boo 


too 


Stwkholm 


59 -0 55 


18 J 55E 


I -1 i6btf. 




Ruffij 


1500 




Ptlerfbureli 


59 Sfi " 


30 .9 .5E 


I I 17W. 




Poland 


JOO 


680 


VVirbw 


fi 1+ 


11 « toK 


■ 14 ibct 




PreflU 


609 


3SO 


Berlin 


S» 3i 30 


.3 a6 '.jE 


53 45lwf, 




Germwy 


600 


500 


Vienna 


48 11 40 


]« 1; 3dE 


' tf 30brf. 




Bohemii 


300 


»5<= 


Prague 


50 4 30 


'+ 4S oE 


0S9 cbrf. 




Holl^Qd 






Amfterdam 


5: " 45 


4 4S JoE 


3 19 , ibtf. 




Planden 






Bniffeli 


50 S' 


4 'I 45E 


17 »7bef 




France 


«oo 


■;oo 


Paiii 


*« 50 '4 


t 10 o£ 


9 lObrf 




Sp.i„ 


700 


JOO 


Madrid 


40 ij 


J »5 4S« 


.J 43.4 




Potiugal 


300 




Lilbon 


38 41 15 


9 9 59« 


36 40>& 










Bem- 


40 


7 40 oli 


18 obtf 




Mf 


750 


400 


nome 


t' 5i 54 


.i ,9 15E 


=> 49 SOW 




Hurgjty 


JOO 




Buda 




IS. .4 oE 


. .7 obcl 




ruikcyinl 


1400 




(1 ;4 


18 5) 49E 


■ 55 3Sb*- 





Belides the foregoing ftates, Europe containi feveral ilUiiili, 
of which the following are the principal. 
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IJlands, 


ChitfTowMt. 


Suhj^ato 


In the North- ' 
ern Ocean 


> Iceland 


Skalhok 


Dennnark 


■ 


"Zealand, Funen, Alfen, 
Falfier, Langland, La- 
land, Femeren, Mona, 






In the Baltic 


Bomholm 


mm 


Dennrark 


Sea 


Gothland, Aland, Ru- 








gen ^ 




Sweden 




Ofel Dagho 




Ruffia 




Ufedom, Wollin 


- 


Pruffia 


^Ivica 


Ivica 


Spain 


Majorca 


Majorca 


Spain 


Mediterranean J Minorca 


PortMahon 


Spain 


Sea * Corfica 


Baftia 


France 


^ Sardinia 


Cagliari 


K. Sardinia 


I, Sicily 


Palenno^ 


K.of2SicL 


f Lufiena, Corfu, Ce« 


4 




GolfofVenice* phalonia, 2^t, Leu- 




Venice 


t cadia 


i. 


rCandia, Rhodes, Ne- 






gropont, Lemnos, Te- 
uedlos, Scyros, My- 






Arclupelago&J teiene, Scio, Samos, 






LeirantScas 1 


Patmos, Paros, Ceri^o, 
Santorin, &c. being 
part of Ancient and 
^Modern Greece 






1 


- 


Turkey 









Afia is (ituated between 25 and 180 degrees of eaft Ion« 
gitude, and between the equator and 80 degrees north 
latitude; being about 4740 miles in length, from the 
Dardanelles on the wefl to the eailem fliore of Tartary ; and 
about 4380 in breadth, from the moil fouthern part of 
Malacca to the mod northern cape of Nova Zembla, It is 
bounded by the Frozen Ocean on the nonh, on the wed it 
is feparated ft'om Africa by the Red Sea, and from Europe 
by the Levant or Mediterranean, the Archipelago, the Hel- 
lefpont, the Sea of Marmora, the Bofphorus, the Black Sea, 
the river Don, and a line drawn from* it to the river Tobel, 

and 
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and from thence tothe river Oby, which bUs into the Frozeo 
Ocean ; on the call it U bounded by the Pacific Ocean or 
South Sea, which feparates it Irom America; and on the 
fouth, by the Indian Ocean : thus, it b almoft Airrounded 
by the fta. The pdndpal divifiont are as follow : 

A TABLE OF ASIA. 





-^ 


i 




North 


ifrt/S i«- .l)ifrfiiK,<>f 


Nmli,*,. 


1 


CiiV Cili;. 


giiudi jn,m\ liit^fnm 








D. M. 


S, 


D. M. S.|h. M. S. 


rfr^Xt" 


ft-W-ri,, 


Ssmaicind 


J9 5° 




69 04 3fi ob«t 


./ iluji 


Tih« 


37 




B o'<; 40 obcT 






Chynim 


48 




11 0*6 4 obcf, 


t0n«kU. 


Tobollki 


58 li 


iS 


68 .1 4^14 38 4ibe(. 


fcrti» 


13031100 


[fp»h>n 


J» -5 





fi 40 oj 31 lobrf. 


flndi. 


1000.000 


Siim oiPcju 






■ 00 50 06 4j lobef, 


ni,"} 


1 
■ooo.soc 


Dtrlhi 


iS 10 




n H 


5 16 ohrf. 


Chin. 


1+40I.160 


Pekin 


J9 5+ 


30 


116 14 ij 


7 45 37b«f. 


Jcorgii 




140 


Teflis 


♦3 " 




46 15 


3 10 obet, 


ruicomanii 
>Mb« or X 


j6o 




ErK-um 


39 56 


35 


48 35 45 


3 14 i3bcf. 


560 


31C 


Bagaal 


3) 10 




43 4* 3° 


iSS «ber. 


s».oii. 


1S<' 


388 


X Smyrna 


J8 j8 


T 


35 'o ° 


! 11 lobcf 


hleflinc 


ilo' 90 


Jerublcm 


31 55 


B 


'7 19 45 


, „ Ifbcf, 


170 i1o'A)cppo 


J5 45 


13 


J7 ID 


1 19 lobcf. 


Fail of Anbia 


1300 lioo Mccci. 


2!_4L 




^0 SS 


,fl ob... 



4fiMik 
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jijiatic I/lands in the Indian and Pacific Ocean, 



IJfanJs, 



New Holland 

The Japancfe Ifles 

The Lad rones 

Formofa 

Anian 

The PhiiippiiifS 

The Molucca or Clove 

Ifles 
The Banda or Nutmeg 

Ides 
Amboyna 
Celebes 
Giloio 

TheSunda f^^^-n^^^' 

^""^^ Ijava, &c. 

The- Andaman and 
Nicobar Ifles 

Ceylon 

The Maldivra 

Bombay - 

The Kurile Ifles in the 
Sea of Kamfchatka^dif- 
covered bv the Ruffians 



To-a^m. 



Sydney Cove 

feddo and Meaco 

Guam 

Tai-ouan-fou 

Kiontcheow 

Manilla 

Victoria Fort 

Lantor 

Amboyna 

MaCTfler 

Giloio 

Borneo Cay ton gee 

Achen & Bencoolen 

Batavia and Bantam 



: I 

Btlonging to I 



Andaman, Nicobar Several Nations 



Candia 

Caridon 

Bombay 



Englifli 

Dutch 

Spain 

China 

China 

Spain 

Dutch 

DuKrh 

Dutch 

Dutch 

Dutch 

Several Nations 

Englifli & Dutch 

Dutch 



Englifli 
Englifli 
Englifli 



Ruflia 



New Guinea, New Britain, New Ireland, New Hebrides, 
New Caledonia, New Zealand, and the Friendly, Sand> 
wlch, and Society Iflands, are uncolonized. 



Africa, the third grand diviflon of the globe, is generally 
reprefented as bearing fome refemblance to the form of a 
pyramid, whofe vertex or point is the Cape of Good Hope, 
and its bafe the fliores of the Mediterranean Sea. It is a 
peninfula of great extent, joined to Afia by the Ifthmus of 
Suez : its grentcft length from north to fouth, from Cape Bona 
in the Mediterranean, to the Cape of Good Hope, is"46oo 
miles ; and the breadth, from Cape Verd to Cape Guardafui, 
is 3500 miles. It is bounded on the north by the Mediterra- 
nean Sea, which feparatesit from Europe; on the caft by the 

Ifthmus 
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Ifthmiu of Sun, the Red Set, and the Indian Ocran, which 
divides it from Afia ; on the fuuth by ihe Southern Ocean ; 
and on the wcfl by the great Atlantic Ocean, which feparates 
it irom America. 

Very few travellers have penetrated into the interior part 
of thii quarter of the world ; confequently we dill remain 
i^orant of the bounds, and even of the natnes of many of 
the inland parti; but, according to the bcfl accounts, it is 
divided according to the following tablet 







^ 1 


LwpluJr 


Z).:#i««-^ 


Kjliai. 


& 


1 \Cii,/C-.,i,.. 




>- 


■l.n,.Jr.S 




J 


*1 




C.«™/^i. 


Gritnei.-k. 


(-Morocco 






D. M. S. 


D. M. S. 


H. M. 


^ T»fiW, ic. 




480 Fei 


33 40 oN 


6 oW 


H"ft- 


Algien 


60a 


4C0 AlEien 


J649 °N 


1 11 oE 


9htf. 


Tut.,* 


400 


150 Tunis 


36 40 ON 


ic oE 




Tripoli 


400 


joo Tripoli 


ii SO oN 


>l 30 oE 


I i6 bcf! 


Lbu^ 




14a ^emeu 


3J 53 oN 


.3 % oE 


D 51 bef. 


'trp' 




150 ICrand Cairo 


30 I o\ 


3I .8 oE 


1 < bef. 


Mutgerid 


JJOO 


350 D*. 




» .W 


ojlaft. 




1400 


«6j,T«cfa 


It 40 oN 


6 Q oW 




^oliod 




840 MKdinn 


_ 




38 «ii! 


«inca 


liaa' i&o Benin 


7 4° o^' 


5 40E 


JO bef. 


g. fNubii 
J i AbyHini* 


ij4o! «oo ;Nobi» 


ij oN 


3! oE 


1 11 W. 


910JS00 lioniiit 


■ i 10 o\ 


J. ooR 


1 13 Kf. 


^Ubc. 


540! ,30 Dorsal, 


.j 6cN 


59 o.R 


: 3-5 l«f- 


The middle parts, called Luwer Eihtopa, arc vrry little 


known to Europeans but arc compuied at one million two 


hundred thoiifand miles. 


outgo , 


ii0 3™lLo.niw 


I ooN 


II ot: 


r> 44 ("^f. 


BOgO 


640 jio *i, BilvaJoi 


5 oS 


.5 ocE 


1 1 I'CT. 


ngoh 


4601 150 ;L«.nOo 


8 300^ 


14 JO oE 


f8 bef. 


dVucU 


+30 .So ;Bcnsucl. 


II OS 


■4 30 cE 


ja bef. 


(uraun 


4CP 14c No tiwni 








IJU 


gojiiooiBuvi. 


1 oN'45 fK 


3 obef. 






> 40 bef. 






I iS bef. 


ornni^ 1 9Mi «6o .Ch.ct^t* 






> 44 bef. 


U. 4*0 joo Sofola 


!0 oS 


3S+00E 


1 16 bif. 


n»ileN»lil 600 3 JO No town 








5S„" }'"•«" {S'd 


33 55 °S 


iS 13 oE 


. 13 bef. 


'"L. II. 
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I 
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OF OBOGRAFHT, 



»-*■ 



l/fanJt^ 



Habrl Maiidcl 

Zocotra in the Indian Ocean 

Tl'f Coniora Iflcs, ditto 

IVJadagjf ar, ditto 

Mauritius, ditto 

Bourbon^ ditto 

St. Helena, in the Atlan. Ocean 

Afcrnfion Ifle, Ditto 

St. Thomas 

St. Matthew, ditto 

Ana boa, Princefs Idands 

Fernando;;o, ditto 

Cape Verxl lilandt, ditto 

Goree, ditto 



To^ffMSt 



} 



{ 



Canaries, ditto 

Madeiras, ditto 

The Azores, or Weftem'\ 
Iflcrs, which are at an I 
equal diftance from £u- > 
rope, Africa, and Ame- I 
rica, ditto J 



Btlon^ to 



Babel Mandel 

Calaniia 

Joanna 

St. Audin 

Mauritius 

Bourbon 

St. Helena 

St. Thomas 



Anaboa 

St. Domingo 
Fort St. Michael 
Palma, St. 1 
Cbriftopher j 
Santa Cms 



■^" 



Angra, St; 
Michael 



} 



French. 
Ditto. 
En^liQi. 
Uninhabited. 

Uninhabited. 

Portuguefe. 

Portueuefe. 
French. 

Spain. 

Portugufie. 

Por(ugueft. 



America, the great weftem continent^ called the New 
World, runs north and fouth through every habitable climate 
upon the eaith; extending from the eightieth degre^ o( 
north latitude to the fifty-fixth degree of fouth latitude ; and 
its breadth, where it is known, extends from the thirty-Qfth 
to the one hundred and thirty-fixth degree of weft longitude 
from London } being near 9000 miles in length, and 3690 in 
breadth. Extending into both the hemifpheres, it has con- 
fequently two fummers and two winters, and has all the va« 
riety of climates to be met with on the face of the ea,rth. On 
the eaft it is bounded by the great Atlantic Ocean, which dir 
vides it from the eaftern continent. On the weft it has the 
Pacific Ocean, or great South Sea, which feparates it from 
Afia. It is compofed of two parts, called North and Soutt^ 
A^merica, joined together by a narrow peck of land, coll 
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^W^ MB S^™^"*^ 'T ■■■! ,11 I Bs^B^*; LH I "m^ 

tbe Iflhmus of Darien,. in the kingdom of Mexico, ijoo 
miles long, and at one put beiug only 60 miles in breadth; 
fo that to cSe£i a com mti nidation between the two oceans is 
6y no means difficult. In the great gulf, wliich is formed 
between tbe ifihniM tod the northani and fouthern conti- 
nents, lie a multitude of illaflds, denominated the Weft In- 
' dies, in conCndillin£tion to ibe iflands of Afia, beyond the 
Cape of Good Hope, which are cidlcd the EaU Indies. The 
grand dirilions of North America are nt follows i 



North Aaterica. 



CmiUTiA. 
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H 


ChiifTo-ana. 


Lalit«b. 




'^™;;/ 




■3 


« 






G.„«t;rf 


Grtinwick. 


!4t>v BTiUin 


A^iw™ 




D. M. S. 


D. M. S- 


•l.M S. 


■Uniit. 


8;o 


iOC 


Qiicbfc 


4« Si °N 


69 (3 oW 


1 59 ioaft. 


•Jovj Scuiia 


JS° 




Halifiw 


+4 45 oN 


<4 « oW 


4 IS a aft. 


Jailed Smics 


1390 




Phila;lelphia 


S9 57 ON 


,5 -8 cW 


5 oafl. 


EaA Florid. 1 
WeRFl'^ridj/ 






{i;;;r- 


30' 8 cN 


81 10 oW 


5 15 ojft. 


sew 


44= 


33 3i °N 


87 20 oW 


5 49 oait. 


Uxiiluu 


.v./ i™-^!.. 


New Orlc.ni 


30 ooN 


S7 S o\' 


5 4<l aft. 


S. Mexico ^ 






f-anuFccT 








^ J. 






■^ i 


JS 3' oN 


105 oW 


7 oaft. 


[iliforni. J 






Ist-Juii, J 








»eiiw, ot 1 


.=00 


600 


Mexico 


19 54 N 


100 SOW 


6 40 Df(. 


South America. 


Tern Fltni» 


1400 






8 48 oN 


Bo jS oW 


i .1 oaf.. 


Ptni 


■ Sera 


(OC 


Liniii 


,1 . oS 


76 49 oW 


5 7 oaft. 






9^0 


Uiili i-nm. 








Gniuu 


780 


4B0 


tSnrin.m 


6 oN 
4 ^l oN 


55 30 oW 
5- >5 oW 


3 41 oaft. 
3 19 t'lft. 


Bciiil 


>!■» 


700 


J Si. SebsfliiB 


it " S 


4+ .6 oW 

38 o'A 


I J7 eaft. 
1 3i oar,. 


Paiigoiy, ■) 






r Airuuipiiun 


H .t S 


«o 40 oW 


4 3 oaft. 


or ' J. 

U Plan J 


iSoo 


100c 


i ioi Bue- 1 
lno.Ayf«; 


H 35 f- 


;8 31 dW 


3 54 oafl. 


Chill 




500 


Si. J.;;o 


J3 40 S 


77 oW 


5 8 oaft. 


Ttrr. Ma- "1 






r Unculonitcd 








Kagoni* ;.j 


JCO 


300 


\ by 












i European.. 
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Orand Dwifions cf South America. 
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■! 




Dijl.m»i Bf 




Ntliu,. 


\e 


? 


CUt/Ttmu. 




B-h^,,, 






& 








rcinfirma 




TOO 


'anama 


,6£o S. W 'Spain. 1 


'an 


IKOC! 


6or 


Jma 








r,bO 








Gmani 


780 


6*0 


fSorintml 


5840 s. w 


Dmch. 
French. 


Iniil 






St. Sebiftian 6000 S. W 


;'Dnusil. 


LtPUis 


.«« 




SuenosAyici «o+c. S.,W 


Spam. 


3iili 






St. JiEO \itiyj S. W. 


3ii(o. 


rem MijtUini-l 


1400 


460 
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The principal IJlands m North America belonging tg 

the Europeans. 



IJlands, 



r 



® » f 

3 g I Newfoundland 
^ S < Cape Breton 
|J I St. John 

u I The Bermuda 

Ifles- J , 

The Bahama Iflcs 
lamaica 



} 



3SO 

110 

60 



400 in 
number 




s 

^< 

€ 

c 

a 

s 

a 

.9 

-8 



^ 

A 



ioes 

St. Cbriftopher's 
Antigua 
Nevis 
Montierrat 
Barbuda 
AnguiUa 
Dominica 
St. Vincent 
Granada 
Cuba 
Hifpaniola 
Pono Rico 
Trinidad 
Margarita 
Martinico 
Guadaloupe 
St. Lucia 
Tobago 

St. Bartholomew 
Defeada 
Marigalaote 
St. Euftatia 
Curaflou 
St. Thomas 



^ LSt. Croix 



I 



aoo 
80 
30 



140 

21 

20 

20 

6 

5 

20 
30 
28 

^4 
30 

700 

450 

100 

90 

40 

60 

4$ 
a3 
3a 



7 
30 

5 
30 



60 
14 

7 
20 

3 
4 

12 
10 

13 

'5 
90 

150 

8 

23 

30 
38 
12 

91 



Ckit/Tt 



Phcentia 

Louiiburg 

Charlotte 

St. George 

Naflau 

Kingfton 

Bridgetown 

Bafle Terre 

St. John's 

Charleftown 

Plymouth 



■«» 



Belongs to 



Kingfton 
St. George 
Havannah 
St. Domingo 
Porto Rico 
St. Jofeph 

St. Peter 
Bade Terre 



10 
3 



4 The Bay 



10 Baffe End 



England 

Ditto 

Ditto 

Ditto 

Ditto . 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Spain 

France 

Spain 

England 

Spain 

France 

Ditto 

England 

Ditto 

Sweden 

France 

Ditto 

Dutch 

Ditto 

Denmark 

Ditto 



I 



■•^i 



ifteu 



nt 



or OEOORAt>Hr* 



Bi 



I (hall here fubjoin a table of the fu^erficial content of the 
^eral parts of the globe in fqiwre mtoy accouutipg 60 
niles to a degree on the equator. 



t 





Sqt$srt MUmu 


IJUnii, 


Square 
Milet. 


f/l4mdt. 


:5 

768 


TbeOlobe ^ 


I99»5«i»595 


Cuba 


38,400 


Funen 


Seas and un-\ 
known Parts J 


160^22^26 


Jara 


38,25c 


Yvica 


625 


Hifpanida 


3^,OOol 


Minofca 


520 


The habitable! 
World / 


38,990,567 


Newtbundland 


35 500 


Rhodes 


480 


Cejflon 


27*730 


Cephalonia 


420 


Europe 


4,456,065 


Irelanfl^ 
Formofa 


27,457 Amhoyna 


400 


Afia 


10,768,822 


i7,ooO| (Orkney) 
11,900 t Pomona 




Africa 


9.^54t^<57 


Anian 


324 


America 


14,110,874 


Gilolo 


10,400. Scio 


300 


Pcrfian Emp. 1 
under Darius j 


1,650,800 


Sicily 


9,400': Martinico 


260 


Timor 


7,800 


jLemnos 


220 


KoRian Kmp. S 




Sardinia 


6,600 


Corfu 


194 


in its great- > 


I j6 10,000 


Cyprus 


6,300 


Providence 


168 


eft height J 




J:imaica • 


6,000 


Man 


16a 


Ruffian 


4,161,685 


Florcs 


6,000 


Bomholm 


160 


Chintfe 


1,749,000 


Ceram 


5»40o 


Wight 


15" 


Great Mogul 


1,116,000 


Brcto^ 


4,000 


,MaJu 


i-5<3 


Tuikifti 


9S^»o^1 


Socotrft 


3,600 


jBarbadoes 


140 


Prefcrit Perfia 


800,000 


Candia 


3»220 


jZam 


I2C 


ISLANDS. 


I 


Porto Rico 


3,200 


Antiinia 


100 


Borneo 


228,000 


Corfica 


a,520 


Si. Chrifto- 




Madagafcar 


t68,oco 


Zealand 


J»935 


pher 


80 


Sumatra 


129,000 


Majorca 


1,406 


St. Helena 


80 


Japan 


118,000 


St. Jago 


1,400 


Guemfey 


'50 


Great Britain 


, 72*926 


NegropoQt 


x,30o 


Jcrfcy 


41 


Celebes 


68,400, 


Tcne^iff 


1.272 


Bermudas 


4S 


Maoill^ 


58,500; 


Gothland 


IjOOOj 


Rhodes 


3^ 


Iceland 


46,000 


Madeira 


950; 






Terra del Fu-1 
ego J 


42IC75 


St. Michael 
Skye 


*■ m^ j 

920 
900- 


- 


I 


Mindanao 


39»^3 


Lewis 


880 







There arc alfo fcveral other confi^erable iflands, chiefly in 
the South Seas, the txadt ^imenGons of which are not cer- 
tainly known, but tbcy nrtay be ranged accqrding -to tlieir 
magnitude in the foilowipg order: New Holland being^ 
nearly eqgal in fize to the wbolp continent of Europe. 

NewF' 



I \ 
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New HoUaoif ' ' ^ Otaheite, or King Gtorg^M 

New Guinc(\ i Ifland. 

New Zealand, Friendly Iflaods, 

New Caledonia. Marquefas. 

New Hebrides Eafier, or Davjs*s Iflaod. 



SECT. IV. 

#? THC DTFFERBIIT OOVERltMEMTS OF THB WORLD.. 

Makkikd werpno fooner united {nto civil fociedes, than 
4biey difcovered an inclination to opprefs eacb other. That 
4y(lem of equality, in which they were left by nature, gare 
the ftrongefty and the moil crafty, the advantage over hit 
weaker and qndefigning neighbours. From hence aroie the 
neceffity of forming cortjunftions of feveral individuals, or 
ftmilies together,, who fliould implicitly follow the di6tates 
or commands of fome chofen ftiperior, or leader. And, to* 
prevent the altercations, flrife, and confequently bloodfhed, 
that inevitably followed the nomination of every new leader, > 
pr prince, they caufed the office to be made hereditary. Con- 
fequently, abfolute and hereditary monarchy was the firft 
priginal form of government ; as appears from facred writ ; 
where Nimrod is reprefentcd by his courage and dexterity to 
have acquired a fuperiority of fame and power above his con- 
temporaries ; and he founded, at Babylon, the firfl monarchy 
whofe origin is mentioned in hiftory. 

In the year 1496 before Chrift^ the Greeks were the firil 
people who, by the advice and public- fpirited endeavours of 
Cecrops, and Cranaus his fuccefTbr, formed a regular 
founcil. for Amphidyoni one of tbofe difinterefted cha- 
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rasters who live for the good of the>coiMnuAuy of which he 
is a member, endeavored to find an eypcdier^ to unite the 
feveral independent kingdoms of Greece into one body ; and 
thus to put a flop to thofe fatal confequences of inteiline 
divjiiooy and civil difcord, which rendered tiiem a prey to 
each other, and an eafy conqueft to tlie invader. He, there- 
fore, engaged the kings, or leaders, of twelve different cities, 
to unite together for their mutual fecurity and welfare. Two 
deputies from each city alFemblcd twice a year at Thermo- 
pylae, and formed the Aniphi^tyonic Council. In this af- 
fembly the generaWntercfts of the ftates \vcre difcuflcd. Am- 
phi^^yon, in order to render thofe fcveral connexions more 
durable, connected them with religious charge, intruffing the 
care of the temple at Delphi, with the riches that accrued to 
. this place from thofe who confulted the oracles, to the care 
tlfo of thefe deputies. This aflembly was the firfl political 
efiabliihment of a plurality of power, that we have any au- 
tlientic account of in hiftory ; and gave an energy of a^ion 
to Greece, which enabled them to defend their liberty and in- 
dependence ag^inft the great force of the Perfians, 

This was the firft deviation from abfulute monarchy, re^ 
corded in profane hidory ; from that time, various have been 
the modes and forms of government in different nations ; 
though, if we except fume part of the Roman hiftory, Greece, 
and a few nations of lefs note, the monarchical form of go- 
vernment was the moft prevailing for the next two thoviand 
years. 

Athens is an jnflance of the pernicious cffe^s of divifion in 
a (late ; and alfo difplay:s the benefits of unanimity. Thefeus, 
king of Attica, about the year before Chrift 1234, perceiving 
the danger to which his country was expofed by this twelve- 
fold divifiou, endeavoured to form a conjundtion of the. dates ; 
for this purpofe he detached the leaders of the different tribes 
as much as poflible from the people they governed ; he abo- 
lifhod the different courts efiabliihed in different parts of 

Attica 
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and appointed one council hall, common to all the 
Athenians. He eihbliihed a common form oFreli^on, with 
certain religious ceremonies to be perfo r med at Athens, the 
more effedually to ftrengthen dvil allegiance; and by inviting 
ftningers from all parts of the world, by the piomife of pri- 
vileges and protection, he raifed the dty to the highefi pitch 
of hmc and popuhuity. The fplendour of Athens eclipied 
tliat of all the other fhtes of Greece. 

This monarchy foon g^ve place to an overbearing influ* 
ence. Thefeus had formed hb kingdom into three dif- 
rinft dafles; the nobles, the artizans, and the hufbandmen. 
And to prevent the increafing power of the nobles, be grant- 
ed many immunities and privilege to the two other dafles. 
This fyftem of politics, in a few years, gave the two inferior 
clafies an opportunity of acquiring confiderable property : 
and, confequently, they became important members of the 
fbte; and, by their riches and independence^ upon the death 
of Codrus, a prince of great merits in the year B. C. lo^o, 
they had power and influence enough to abolifh the regal 
power, under pretence of finding no one worthy of filling the 
throne of Codrus, who had devoted himfelf to death for the 
iafety of his people. Thus they proclaimed Jupiter king» 
dedaring none dfe was fit to govern Athens. This was 
the firft inftance of a republican form of government in 
Greece. 

From this period, fo various have been the modes and 
forms of government, that it is impoffible to diftinguifli them 
all. Governments are generally divided into three difiin^ 
forms, each of wluch has its partizans, viz. the monarchical, 
arifiocraticaJ, and democratical. 

The monarchical form of government is, where a nation is 
governed by a king, or monarch ; and is divided into two 
parts, called abfolute, and limitec^ monarchy. Abfolute mo- 
narchy is, where the foverdgn is eutirdy unreftiained, hav- 
ing the legiflative as well as the executive power. A limit- 
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cd monarchj isi where the ibrercign ii fefinbed by oertaia 
hws, beyond which he cannot ptls. 

An ariftocracj is, where the legifltlive and execurive ao* 
thori^ is vefied in the hands of a fekd number of perfimsy 
generally titled nobility ; and in whom the office is moftly 



A democncy u that government in which the leg^ilatire 
and executive authority it veiled in a certain number of in* 
dividualsi who hold their office by eleftioo ; and genciaUy 
eleded by the majority of the nation at huge. 

From the various modifications of thefe diflerent fenns of 
government, all the governments of the eaitb are formed ; 
fome approaching nearer to one, and fome to another form. 
For there is hardly a govemoient exiftingi that is entirely 
dthcr an abfolute monarchy, a perfcA ariftocracyi or a com- 
plete republic. 
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SECT. V. 



OP RELIGION. 



RxLZGioN is coeval with the origin of mankind : without 
it the prefent order of the univerfe would be endrdy over* 
turned ; and manlund, from their natural depravity, be ren- 
dered worfe than the moft voracious of the brute creatioo. 

The diftinguifhing religions in antiquity were JudalfiiH 
and Polytheifm, or Pag^fm. 

But in modem times the prevailing religions may be di- 
vided into the four following, via. the Jcwilh, Chrifftm, 
Mahometan, and Fag^ 



or oBooxAPiir. tff 



Bcfere treating of the four foregoing fyflems, it maj 
be neoeffiuy to premife the following general axiom, viz. 
That aO fyflemt of religion contribute more or left to 
the wd&re of fodety. From hence we deduce the fol* 
lowing theorem ; that all rdigion muft hare fomewiiat in its 
origin of a divine nature, however it may be tnnsform- 
cd, corrupted, or miiappticd| by the ignorance or artifice of 
Its props^^ators. 

In confidering the Jewiih code of religion, it does not ap« 
pear as a complete fydem of religion, adapted to all countries 
and ages, but feems particuhrly defigned by the all- wife 
Creator, for the people to whom it was fent ; for the age they 
lived in, being over-run by idolatry; the circumfiances in 
which they had lived in Egypt, and the means by which they 
were to form their new fettlement in the land of Canaan. 

From hence they were enjoined the obfervation of the 6Ah 
bath, in honour to that Being who created the heavens and 
the earth, with all the hoft of heaven; which hoft, fuo^ 
moon, ftars, &c. were worihipped by the Egyptians as eier* 
nml ktmgs. To preveut their communication with the neigh* 
bonring idolatrous nations, they were profcribed the ufe of 
certain aninutls for food, and permitted others; that, by be- 
ing forbidden the ufe of thofe animals for food, fuch as the 
hog, &c which the Oentile nations conlidered as the great- 
eft luxury, a perpetual bar might b<^ kept up between the 
Jews and Gentiles, And by being permitted to eat other 
aidmals, fuch as goats, (heep, oxen, &c which were wor- 
fliipped in Egypt, and from which the Egyptians religioufly 
withheld all violence, the Jews would foon overcome any re- 
ligious prejudices they might have acquired fromihe Egyp- 
tian idolatry.— The reiHtution of property, in the year of 
Jubilee, which would anfwer no purpofe in another fiate, 
was defigned to preferve the order of rank, and that divifion 
of property, originally eflabliihed. 

In condcfcenfion to thnr rude and grofs notions of Deity, 
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the Creator permitted them, m their wanderings throu^ the 
Wildemefsi to have a tabernacle, or portable temple, in which 
he fomedmes ddgned to difplay fome rayi of his gkiry. 

From this general view of the Jewifh religion, it appears 
happily vlapted to promote the welfare of its followers. In 
comparing it with other religions, it is neceflary to rtHfiSt on 
the peculiar purpofes for which it was efiablifhed; which were 
prindpally two ; firft, to preferve the Jews a feparate people; 
and feoondly, to guard them from the idolatry with wiiich 
they were every where furrounded. The religion of the Jews 
was not formed, nor defigned, to be propagated thrragh all 
the earth ; that would have been iiiconfiftent with the pur- 
pofes for which it was infiituted : therefore we fee the Jewifli 
religion, though near four thoufand years old, wants that 
eflential attribute for propagation, to be found in all other 
religions, viz. a difference of fentiment, and, con&quently, 
a divifion and fubdiviiion into different &ds. 

The Chriftian religion is to be confidered as an improve 
ment of the JewiQi. The effeds of the Jewifli relig^n were 
indeed beneficial, but were confined almoft to them alone; 
whereas the effects of the Chriftian reli^n are extended to 
all mankind ; reprefenting them with true phihntlm^ as 
children of the fame God, and heirs of the fame Iklvation. 
It levels all diftin^ions of rich and poor, native and fo* 
reigner, as accidental and infignificant diftindions with that 
impartial Being, who rewards or puniflies according to the 
demerits of his creatures. 

The precepts of the Chriftian religion are more happily 
calculated to promote the happineft of mankind, than thofe 
of any other religion. Its whole defign is to infpire mankind 
with mild, benevolent, and peaceable difpofitioiis. Its dif* 
tinguifhing rule, by which it excels all other religious, is, t$ 
do unt9 othersy as wc would they Jhnuld do unto ns ; and fuch 
is i;s purity, that it does not allow an impure thought. It re- 
quires its followers to abandon their vices, however dear ; and 

to 
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to joiD the caudous wildoin of the ferpent with the innocent 
CmpUdty of the dove. A$A to prevent perfevenuice ia 
immorality, it offers a pardon for the pail, provided the 
oflfender foriake his vicious pra^lices. The pradice and be- 
lief of the Gofpel have a peculiar tendency to raife the mind 
of man id>ovc the trifling purfuits of dme; and to fender its 
followers incmruptible by wealth, honour, or pkafures. . It. 
not only requires the Chriftian to abfiain from injuring^jbis 
neighbour, but even enjoins him to for^ve any unmerited 
injuries wluch he lumfelf fufifm, upon the principle of his 
being fur^ven by his offended Creator, It reprefents the 
Deity and his attributes in the faireft light, fo as to render 
our ideas of him conflfient with the oorreft principles of 
reafon and philofophy. The rites of this gofpel are few and 
fimple; cafy to perform, expreffive, and edifying. It in* 
culcates no duties, but what are founded in the principles of 
human nature, and on the relation on which man (tends to 
God, as his Creator, Redeemer, and Sandifier. The affifhmct 
of the Spirit of God is there promifed to thofe who hbour 
to difcharge the dudes which it enjoins. It teaches us that 
worldly affliftions are cafual accidents ; . incident to both bad 
and good men : a Joihiue highly encouraging t9 virtnCf cm* 
Joling in sJUiiim^ preventing dej^air^ and encmragmg in 
dificnUy. 

Such are the precepts and fpirit of the ChriiHan religion. 
And even thofe who have refufed to give credit Co its biflnry, 
and follow its doctrines, have acknowledged the excellency of 
its precepts. Bolingbroke, one of its mofl zealous oppofeis, 
iays, that *^ no reli^on ever yet appeared in the worU, of 
wluch the natural tendency was fo much directed to promote 
the peace and faappinefs of mankind, as the Chriftian ; and 
that the Gofpel of Cbrift is one continued ieflbn of the (bid- 
eft morality, of Juflice, bencvoknce, and univerfal charity." 
Thus we can pronounce, with confidence^ that the precepts 
of a religion, which is fo happily formed to promote all that 

is 
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is juft and beneficial to mankindi cannot but be in the higheft 
degree divine. By reriewing the efie6b which it has pro- 
duced, we (hall be more confirmed in our aflertioa. 

Chrifiianity has produced the moft beneficial change in the 
circumftances of domeftic life. It has greatly contributed to- 
wards the abolition of (lavery, and towards the mitigation of 
the rigours of fervitude. We meet with no hws in Chriftitn 
countries io inhuman as thofe pn^tifed at Rome ; where maf- 
ters were allowed to remove their fick or infirm flaves to an 
ifland in the Tiber, there to peri(h without any afliftance. 
The rigours of flavery are eafed and aboliihed ; not by any 
particuhur precept of the Gofpel, 'but by the gentle and hu« 
mane fpirit wUeh breathes through the general tenour of the 
whole fyftem. And though it may be obje6lcd, that a trade 
in Oaves b at prefent carried on bjf people who' prefume to 
call themfelves Chriftians, and fimAioned by the legillature 
of fome Chrifiian (htes ; yet it muft be t e membe re d, that the 
fpirit of the Chriftian code condenms the praAiee; and the 
true Chrifiian will not engage in it. 

Chriftianity is alfo gradually foftiening barbarous natioris 
into hnnoanity. The influence of felfi(hne& hu been checked 
and leflrained. And even war, with all the pemiciotts im- 
provementSi by which mankind has fought to render it more 
tcrriblei has afllimed much more the fpirit of mildnefs and 
peace, than ever entered into it under the influence of Fz* 
ganifm. 

Thefe are a few of the excellencies of the Chrifiian fyftem. 
Its hft diftinfHon I (hall mention, is that of its extending its 
benefits to thofe nations who have not received its doctrines 
and precepts. The virtues afcribed to Julian the apoftate^ 
are, no doubt, owing to his acquaintance with Chriftianity ; 
and after the propagation of Chriftianity through the Roman 
empire, even while the purity of its doctrines was defpifed, 
it had a remarkable effeft on the manners of thofe uncon- 
verted 
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verted Fi0Ui% whoi in their reli^us doftrincs and wor* 
ihip» became IcG ioinaoial and abfurd. 

Upon the whole, we muft conclude, that Chrifiianity is 
infinitdj fiiperior to every other religious fyilem, both in 
fxnnt of Its religknis dodrines, and the effeds it has produced 
upon fociety. It is an univerial religion ; fbnned to exert 
its happy influence in all ages, and among all nations ; and 
has a tendency to difpel the (hades of barbarity and igno* 
ranee ; to promote the cultivation of the powers of the human 
undrrftaading; and to encourage every virtuous refinement 
in manners. 

At the Chriftiaa religion is deftined to be of an univerial 
namit^ and to be difTeminated into all parti of the world; 
fi)^ Ia order for its more effiedual propagation, its atf-wiie 
Founder has ordained Chat it (hall be divided into different 
kStM and parties; that eke leaders of each being governed by 
a nnitual emulation, might jtndeavour to propagate their re- 
ipedive effnnions, and thereby forn\ a grand jundion for 
propagating a religion, the fundamentals of which would be 
ultimately the fame^ ^ 

The two principal feAs into which the Chriffian religion 
is divided, are the Proteftant and Romiih churches. 

The Romiih church differs from the Proteftant chiefly in 
the following particulars : i. In believing every thing that 
was defined by the Council of Trent^ concerning original 
fin and juiHfication. 2, In believing tranfubflantiation, or the 
converfion of the material bread and wine, given at the fa- 
crament, into the real body and blood of Jefus Chri& 3. In 
the belief of a purgatory ; and that fouls are kept prifbners 
there after thair departure from the body ; and that they re- 
ceive help by the prayers of the faithful. 4. That the faints 
reign together with Chrifl, and are to be worfliipped as me- 
diators for man. $. That the images of Chrifl, the Virgin 
Mary, and other faints, fhall be re«aiued| and due honour 
2 and 
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nd veneration be given unto them. 6. Tbtt the power of 
indulgences was left by Chrift to the church. 7. That the 
holy church of Rome b the mother and imftftft of all 
churches ; and that the Inlhop of Rome, or pope, u the fiic- 
ceflbr of St. Peters the prince of the apofties, and vicar of 
Jefus Chrift on earth; and that he is infallible and in* 
irincible. 

Thefe are the chief tenets which diftinguifh the church ot 
Rome from the Proteftaitt church. The implicit obedience 
vhich the followers of this church pay to their leaders^ has 
been a fource of a very black corruption and error ; of which 
their numerous perfecntions of the Protefhmts are an ample 
proof* But) on the other hand, it muft be allowed, that 
there is no religion fo zealous of propagating itt dodfines^ 
Thdr miffionaries have been baSL to all parts of the earth, 
fy$Ht of whom, by their perfevance and abftenrioofneis, 
were as great an honour, as others by their profligacy were a 
diigrace, to the caufe in which they were concerned. 

The church of Rome is now divided into two feds : that 
alfcady defcribed, which prevaib over moft parts of Italy, 
Spain, and France, and feveral other parts of the conti* 
cent of Europe ; and the Greek church, which differs from 
the former in not allowing the pope's fupremaqy, not wor- 
Shipping idols, though they have many in their churchea^ 
and in not enjoining their priefts to celibacy. 

TheFroteftant religion is divided into numerous fe£b and 
parties : the two principal of which are the Lutherans and 
the Calvinifts. 

The Lutherans maintain, that man is a free agent, per- 
h&\y capable of performing good or evil : that according to 
his anions he fhall be reii^'arded or puniflied hereafter : that 
he is left at perficift liberty to choofe the good or evil : and 
that God has no prediledion for any particular perfons: 
that the facrament of the Lord's fupper is nothing but a mere 
ordinance. 

The 
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Tbe Calvinifls, on the contrary^ afTert, that man is not a 
free agent, that he has no power to perform any good action 
without the Spirit of God aflifting him ; that God, accord- 
"" ing to bis fore-knowledge, has clewed a certain number of 
individuals to be fared : that he is the former of every good 
thought; and iaves the eled, not from any goodnefs in 
themfelvcs, but merely from his own unmerited mercy; 
confequently, that Chrift did not die for all the world : that 
the facrament is a fpiritual rite; that tlie bread and. wine is 
confubftantiated (nor^tranfubftantiated) in a fpiritual manner 
into the body and blood of Cbrift. 

Befides thefe two divifions of tbe Protelbmt religion, one 
or both of which prevail in moft Proteftant countries on tlio 
, continent of £uix>pe, there are a great number of inferior 
fe^ in Engfand, America, HoUand, Germany, and other 
parts, and fome of thein very numerous ; as the Quakers, 
Baptifts, Diflenters, Methodifts, &c. which are too well 
kiiown to need any defcription. Suffice it to fay, each of 
them differs from the edabliflied church, on account of {oa\c 
trifling errors, which they imgaine they have detected in, the 
national church. 

The next divifion of religion that deferves our notice is 
that of Mahomet, which £liU makes fucb a confpicuous (igure 
in the world, extends over a large traft of country, and is. 
profefled by very powerful nations. Like the Jewifii religion, 
Sc is not merely a fyftem of religious do^rines, and nioral 
precepts ; but it forms both the civil legillature and religious 
fyflems of the nations by which it is profeiTed, It alfo aj>*> 
pears to be rather calculated for one particular period, in tjie 
progrefs of mankind from barbarity to refinement, than for 
ail ages, and all parts of the world. 

In viewing this fyftem of religion, there are many parts of 
It wbich fecm copied from the Chriftian, the Jewifh, and the 
Pagan religions. It is difficult to tell which is the greater, 
the purity of fonjc parts of this doftrinc, or tlie abfprdity of 
#ther parts. 

VOL. II. X Th* 
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The greateft abfurditifs, or that which tends moft efiib^ally 
to promote impurity of manners, are the Prophet's ideas of 
heaven and hell. Paradife^ or the place of future rewards, he 
makes to abound with rivers, trees, fruits, and ihady groves ^ 
wine, without its intoxicating quality, is to be tiiere ferved 
out to believers, who, as they enjoy perpetual youth, tbeir 
p6\yers of enjoyment are to be enlarged and iuvigorated| 
according to the delights they are to enjoy. Mahomet 
celebrates the pearls and diamonds, robes of filk, palaces 
of marble, diflies of gold, numerous attendants, wines, and 
dainties, with the whole train of fenfual luxury, referved for 
the faithful in thefe regions. Seventy-two black-eyed dam* 
fels of refplendent beauty, blooming youth, virgin purity, 
and exquiHte fenSbility, will be created for th^ ufe of the 
meaneft believer. A moment of pieafure will be prolong^ 
10 one thoufand years ; and the faculties will be incfeafed a 
hundred fold, to render him worthy of hi^ felicity. Therp 
are alfo certain more refined enjoyments ; as, believers are tq 
fee the £ace of God morning and evening—^ pieafure which 
IS to exceed all the other pleafures of Paradife. 

In hell, the place of future puniihments, the wicked are tp 
drink nothing but boiling, (linking water ; eat nothing but 
briers and thorns, and the fruit of a tree that grows in the 
bottom of hell, whofe branches refemble the heads of devils, 
and v^hofe fruit (hall be in their bellies like burning pitch : 
they are to breathe nothing but hot winds, and dwell for ever 
in continual burning, fire, and fmoke. 

Thus Mahometifm appears to be a grange mixture of 
ibfurdities, with a few truths and valuabfe precepts inco^r 
gruoufly intermixed. A great part of it is incompatible witl^ 
virtue, and the progrefs of knoviledge and refinement. It 
/ubflltutes trifling fuperftitious ceremonies in the room of 
genuine piety and virtue; and prefents fuch a profpe£t 9f 
futurity, as renders purity of heart no necedary quali^cation 
for feting God. 

Hiyever, Mahometifni forms in Ibme meafuie a regular 
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Tfftem of relipon, as It has borrowed many of its precepts 
and dodrines from both Judaifm and Chridianity, which are^ 
howeirer, greatly degraded and corrupted. It has, never- 
thelefs, confiderably contributed towards thefupport of civil 
goremment in thofe countries in which it is cftablUhed. 

. It is divided into a numerous party of fe^ which, how- 
trtr, differ fo little from each other, at fcarcely to deferve 
mention in this place. 

Paganifm next deferves our notice. It was the maft pre- 
^iling religion of antiquity, and may be principally divided 
ir\.totwo parts: — i. The Pagan religion of the ancient bar- 
barous nations ; and, 2: The Polythetfm of the naore civi- 
lized Greeks and Romans. 

The Paganifm of the andent nations prefeots us with a 
moft (hocking pidure of ignorance, fuperllition, and ab- 
furdity. We there beboU the moft abfurd doArines con- 
cerning a Aiture ftate. Various nations have imaginod, 
that the fcenes and obje^s of the worki of fpiriu areonlyia 
ihadow^ reprefentation of the things of the pre&nt world* 
According to them, not only the fouls of men inhabit thofe 
regions, but all the inferior animals and vegetables, and 
even inainniate bodies that are killed or dedroyed here, are 
fttppofed to pafs into that vlfioaaiy world, and exiftiog there 
in nnfubftanti&l forms, execute the fame fu anions, or ferve 
the fame purpofcs, as on earth. By this belief they were 
Simulated, on the death of a king or other great perfonagc, 
to provide for his accomnuxiation in the world of fpirict, by 
burying with his corpfe, noeat and drink for his fubfiftence, 
fiaves for his attendance, and wives for his enjoyment. His 
faithful fubje^s vied with each other in their offerings upon 
this occafion ; one brought a fervant, another a wife; a third 
a fon or daughter, to accompany their monarch in his future 
ihre. Simihr pradices, on the iame occafion, prevailed in 
New Spain, in the ifland of Java, in the kiagdom of fienin^ 
and among^ the inhabitants of Rindoftan. A like belief aUb 
prevailed among the Japanefe^ They ate only bribed their 
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pndls to (bitcit for them a place in the bli&ful maniioos 
of futurity ; bat looking upon the prefent life with difguft 
and contempt, when fet in competition with the joys of 
futurity, they ufed to dafli themfelves from precipices, or 
cut their throats, in order to get to Paradife as foon as pof- 
dblt. Various other fuperflitions, fubfifting among rude 
nations, might here be adduced^ as iuftances of the perver* 
fioii of the religious principles of the human heart, which 
render them injurious to virtue and bappinefi. Innumerable 
are the ways of torture which \\^ve been invented and prac- 
tiied bn themfelves by mefi ignorantly ftriving to obtain the 
favour of Heaven. Thefe are fufHcieut proofis of religious 
fentiments liaving been fo ill direded by the influence of 
imagination, and unenlightened erring nature, aided by the 
corrupt defigns of artful priefts. 

The Polytheifm of the Greeks and Romans, though more 
favourable to virtue and civilistation, than the Pag^n notions 
of antiquity, is yet a very imperfeA, not to fay a pernicious, 
code of religion : the vicious cbaraders of their deitfes, the 
abfurd notions they entertained concerning the government 
of the univerfe and a future retribution, the abfurdities of 
their religious rites and ceremonies, the frivolous pradice? 
with which they were intermixed, mufl all together have a 
great tendency to pervert both the reafoning and moral 
principles of the human mind : however, it cannot be de* 
«iied, tliat this fyflcm was firiendly to the encouragement of 
arts; particularly offuch as depend on the vigorous exertion 
of a fine imagtnauan, as mufic, poetry, fculpturc^ arcbi- 
te(5ture, and painting : all thefe arts appear to have been coo* 
iiderably indebted for that perfedion to which they attained, 
to the fpleudid and fanciful fyfiem of mythology which was 
received by tbofe people, particularly by the Greeks. 

The effe& of this religion, to reform the lives of its vo- 
taries, was very imperfed. Sacrifices and piayers, temples 
and fcffivals, not purity of heart and integrity of lUe, were 
xhe meuis preftrited for obtaining the favour of their deities. 

There 
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Tberr werealfo other means of gaining admiffion into the 
Elylian fields, or the feat 0/ the councils of the Gods ; but 
none of tfaefe means appear to have been tho(e commanded 
by the Chriftian religion. And whatever might be the 
effe^s of the religion of Greece and Rome in general, upoo 
the civil and polidcal eftabliihments, and on the manners 
of the people, yet it mud be confefled to have been but ill 
adapted to fhiprefs the heart with fuch principles as might 
in all circumftances direft to a firm, uniform tenour of 
righteous tondu^. 

From this view of religion, it appears, that though fome 
particular forms, fuch as thpfe of^the Cbriftian, have had a 
greater influence in.reformiiig the manners of their followers; 
yet as they all have often contributed to form the cnind t» 
virtue, it OHift be acknowledged, that they have always^ 
and under all their forms, been infinitely more beneficial tham 
hurtful to mankind. 

. When we view the diflferent fyftems iq a comparative light, 
with refped^ to their influence on the welfare of fociety, 
no one will hefitate to prefer the Polytheifm of the Gxceki 
and Romans to the ruder ideas of the more ancient P^ns; 
and Mahometifm to the Polytheifm of the Greeks and Ro* 
mans: Judaifm is, however, greatly preferable ^« Mah«« 
osetifm ; and Chriitianity to all of Ihem. 
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EuioPB, though theJcaft quarter of the globe^ ij by for 

tbe rood eminent in modem hiftory ; and is at prefent the 

DK>ft diHinguifhed part of the globe for the literature, arts, 

and fciences, to which it has given birth and encouraged, 

"and for t^e learned men it has produced. It is alfo the moft 

civilized quarter of the globe. Here are no public marts 

*fbr buying and felling theliuman fpecies, as are found in 

'Afia and Africa. The ChrifKan religion alfo prevails here 

almod univerfally. Its languages ^re as mixed as its inha* 

1>itants, •but all derived from the fix following: vi^, the 

'Celdc, Sclavonian, Teutonic, Greek| Latin, and Gothic* 

It extends about jooo miles in length, and asoo in breadth:. 

and is divided into feverat kingdoms and fiates, as feen in. 

Ae Table, page 133, 

The British Isles, lying on the wcftem part of Europe' 
confift of Great Britain (whkh comprifes England, Wale 
and Scotland), Ireland, and the Iflesof Man, Jerfey, Gu( 
fey, Aldcmey, Sark, and Wight. England lies between J ^o 
and 56 degrees north latitude, and between a degrees caCT^i 
and 6 degrees 20 niinutes weft longitude ; and is divided in^«:o 
forty counties. Its conftitution is that of a limited monai 
confifting of king, lords, and commons, with certain 
rogativcs and privileges annexed to each. 
" '^y^ legiflative authority, or power of making laws a»rf 
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niifing moiieyt is vefled la tb^ three bnmGbesofthe §#• 
yeroment i and each branch has a n^^tive voice. 

The crow II is made hereditary iq the Hanover line^ byr 
fcveral ^s of Parliarpent, providod thfy do not pnrfcfih 
jPopery, marry Papids, or fubv^rt the conftitutioR. 

The peers are created by the crown ; but their hooolfs 
are hereditary, and cannot be taken from them any morethafli 
^eir lives or eftates, unlefs forfeited by the commlflton <lf 
high treafon ; and they can only be tried by the Houfe of 
Peers, being fubje^ to mi other jurifdi^lion. This Hoitfo 
is the lad refort iq all civil cafes, and the higbefi court in 
tbc kingdom. 

Any bill for making si new law, or altering aa old law^ 
may be brought in firft in the Houfe of Peers ; but a bill 
relating to the revenues, or public taxes, muft be brougbt 
into the Houfe of Commons firft ; and it cannot be altered bj 
$he Peers, though It may be reje<fted. 

The Houfe of Peers can apprehend and commit any man 
f»r a ref!e^on on thebr judicature. 

The ComnK>n$ are compoied ^ 658 members : viz. 80 
(Lnights, every county in Enghind fending two, and eie6ted 
by the freeholders ; jo dtizeut, two being fent from each 
pf the 2 J cities in England (London fending four, and Ely 
none); 334 burgedcs, from 167 boroughs, fending two 
f»ch; fiv^ burgefTes, from the boroughs of Abingdon, 
Banbury, Bewdley, Htgham Ferrars, and Monmouth ; iovLt 
ireprefentatives, from the two univerlities; z6 barons, from 
{he five Cinque Ports, Haftings, Dover^ Sandwich, Romney, 
9ind Hythe, and their three dependants. Rye, Wincheliea, 
fmd Seaford; 12 knights, from the 12 counties of Wales; 
12 burgeifes, from the 12 boroughs in Wales (Pembroke 
(ending two, and Merioneth none) ; 30 knigbtsj from the 
(hires of Scotland ; 15 burgeffes, from the Scotch boroughs; 
9nd 100 members from Ireland. 

Wales it (ituated on the weft and iiortb*weft of England, 
Ip which it joins I and is divided i^to la counties: it is a 

principality % 
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{ and always confidered as the right of the 
Xiog's ddeft foiii who u therefore dtled Fritice of Wales. 
It was peopled in the year 410, by the ancient inhabitants 
•f Eoglahdy who fled thither from the perfecutton of the 
Fids and Scots. 

laiLAVD is fituated between fix and ten degrees of weft 
fcogitude, and between 51 ;ind 55 degrees of north latitude. 
Bounded by the eaft by St. George's Channel, or the Irifh 
Sea^ which divides it from Great Britain. It is divided prin« 
opally into four provinces : viz. Ulfter, on the north; 
Leinfter, on the eafl ; Munftcr, on the ibuth ; and Con* 
naught, on the w^. 

. The climate of thefe ifhnds is in general mild for the 
htitude, but very changeable, the weather never continuing 
a month the fame^ owing to the exhalations from the fur- 
founding fca, which render the air humid. But the foil 
is in general fruitful, and has been of late years greatly 
improved. 

Thefe idands have fcveral very good mines of tin, copper, 
iron, and lead ; go|d has alfo been found in Scotland, in folid 
{Heces, in the brooks, after a great torrent. 

The chief mauu&^ure of England is woollen cloth, which 
is accounted the ihplt trade of the kingdom ; as linen cloth 
b that of Irrland. 

DaNMARK, including Norway, is the mofk northern king- 
dtxn of Europe, and includes Denmark Proper, the territories 
in Germany, Norway, part of Lapland, and feveral idands 
in the Baltic Sea, and in the German Ocean ; and extends 
from $2 degrees of north latitude, to the fartheft habitable 
part of the Ar£lic Circle. Denmark Proper is bounded oa 
the nortli by the Catteg^te or Skaggerac ; on the fouth by 
Germany ; On the wed by the German Ocean ; and on the 
eaft bv the Sound. 

The edablidicd religion is Lutherifm. The king is abfo- 
jute, though in general mild ia his government. It is di- 
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iridcd into two |>arts, calUd North Jutland and South Jut»: 

The air of this cooatiy is iharp^ hoc the cxbafaitions from 
the fea abate its feverity. The fummcrs are very (hort aw) 
hoc, but the foil is in general fhiitful, for a norUiem latitude^ 
except on the tops of mountains. The manufadures of this 
country are chiefly hardware ; and ;hrir artifts and mecha- 
nics, in every branch, are generally ikilfuL 

Norway is bounded on the fouth by the Catieg^^e, on 
the weft and north by the Northern Ocean, and on the eaft 
by the mounuins which fepaimte it from Sweden ; and is 
divided into the north, fouth, and middle diviiions. The 
air of Norway is generally healthy and dry in the inlaml 
parts of the country, but on the fea-coafi it is moift. Ia 
winter it is exceifivel}' cold, the whole country being covered 
with fnow ; It is alfo very hot in xlie fummer. Their trade 
coniilb of copper, timber, iron, marble^ mill fioncs, fiOit 
fowls, tallow, tar, ml, alum, vitriol, &c« Their hinguage 
is the fame as tlyr uied in Denmack; and their leUgioa ii 
that of Lutherifm. 

Iceland is iitvated in the Northern or Atlantic Ocean 2 
beui^ 7^6 miles in length from eaft to weft, and 300 in 
breadth : extending from fixty-three to fixty-eight degrees 
of north latitude ; and from fourteen to twenty*nine degrees 
of weft longitude. It has a milder climate than any other 
country in the fame latitude. It is a very mounutnous 
country, but well watered, with feveral lar^e nvers. In this 
country there are fonne large fprings of boiling hot water, 
tlie prindpai oi which is Geyfer, near Skalhoh. The water 
ifllies ftt>m this fpring feveral times a day, with a violent 
ooiie, like that of a great torrent, fometimes rifing to the 
height of 60 fathoms, and feldom lefs than 90 feet« 

There are aifo feveral burning mountains in this country, 
of which the moft remarkable are, Hecb, Kodegau, and 
Oraife, the eruptions of which have fometimes done confi- 
derable damage. The inhabitants live chiefly by fifliiog, and 
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1 
of tfacfe diflfereat couotrici. lo feme of the northern put» 

tkcy.livt JD cavcroii nor five feet in height ; in other pirti ' 

tbey kad a wandering life: the naiivu of feme parts prac- 

^ agriculture I but in others live on the fpontaueous pro* 

duai^os of the foiL 

The f^gion of (bnie parts is next to Rig^ifiny the natives 
idolising inanimate objeAsi as a flieep's fkin; but in other 
pafts they make jao pubik profeffion of religion. The efia* 
bliflMdJdigion pf Ruffia is the Greek church* 

The £ttffogeaB part of Ruffia, called Mufeovy, is divided 
into the following provinces : vis. 

In the northerh divifion: Laplind, Samoieda, Belhr 
momfckoyi Mcfeeni Dwina, Syriahes, Permia, Rubefliuftiy 
Bebcfedai^»»In the middle divifion: Pereflaf, Belozero^ 
W^lofda, Jereflaft Twcer, Mofcow, Belgorod.— In the 
eefiehi divifion; Buigar, Kanian^ Little Novgorod, Don 
Co(iac|u*-^n the weOem divifion : Great Novgorod, Rus, 
finlaadr Kexholmi Karelia, Ingria.— In the feuthem divi- - 
$fNi ;: Uvowi Smolcnflus Zemig^, Seef(k, Ukiain. Their 
affkks of ognrunerce and manufiiAure are the iame as thofe 
of Sweden and Denmark i they have, moreover, filk, cotton, 
tcflvs goUi 9sc which they bring from China and In£a, in 
c^tffvanfy by the way of the Cafpian Sea« 
.The langnage is derived from the Sclavonian, t4 which 
aie added many words from the Greek } their alphabet con- 
fifts of forty 4wo charaAefs, which are principally Greek* 
The people of high rank generally fpeak French and High 
Dutch, but their priefis fpeak the modem Greek. 

PoLANp, befort.its late difmemberment, was bounded on 
the north by Livonia, Mufcovy, and the Baltic Sea; on the 
eafl, by Mufcovy ; on the (buth, by Hungary, Turkey, and 
little Tartary; and on the weft, by Germany; extending 

I 

from 47 degrees 40 mimites, to 56 degrees 30 minuteS| 
north latitude; and from x6 to 34 degrees eaft longitnde. 
Il^gras divided into the provinces of Great and Little Poland, 
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Pniflia, Samogitia, Courland, Lithuania MafoVh^- 
Podolachia, Pofefia, Red RufEa, Podolia, and Volhinia. The 
Coil of Poland is in general rery fruitful, and the air moftly 
tcmpenite, except in the noithem parts, where it is vety 
cold. Their pafture land is fo fruitful, that the height of the 
grab often conceali the cattle frofti the view of a paflenger 
at two hnndred 3^8 diftance. Great numbers of beafts, ai 
hories, aflbi oxen, buffaloes, bean, foxes, wolves, &C ni» 
wild in the forefts. There are fevend mines in the country, 
of gold, filver, copper, lead, iron, &c. 

Thegreatcft curioiities in this country are the falt^minei, 
of which that of Widitflca is the largeft in the world, and 
has been wrought above 600 years. It is 743 feet below the 
fnrfaceof the ground, and iix{ fiset in breadth, and 6691 
in length; and appears like a fpadous plain, with vaulted 
rooft, fupported by columns of fiih, which have been leAT' 
ffamding. Many public lights are placed in this mine, for* 
general uie, which refled a mod luminous appearance from 
every part of the mine. Here are alfo great numbers of -huts ' 
for the accommodation of the miners and their familiei^ 
many of whom are bom and fpend their lives in this places 
without ever, making their appearance on the fiirface of the 
earth. Through tlie midft of the mine is the great road, 
which pafles to thembuth of the mine : this road^ generally 
crowded with carriages faU of fidt. A fhram of firefti waii8# 
alio runs through the mine. 

The wild men who have been feen of late years in the 
woods of Poland form another curiofity. 

The Poles at pre&nt feem almoft annihilated, and their 
country divided among the Aufbians, Pruffians, and Ruir' 
fians* 

P1.USSIA it bounded on the north by Samogitia^ on tho 
iout& by Poland Proper and Mafoviai on the caft by part 
of Lithuania; and on the weft by Polifh Prullia and the 
Baltics but if we lake al in ia foU extent, rtus kingdom 
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cpo&fis of various territpriei^ different parts of Germanj^ 
ISp|i|nd, Swiflerland, and oth^r. northern couutries. 

"l^hepniicipal.cUviSons of this kingdom arty Regal Pmffia, 
fitiiated ijx Poland ; and Upper. Saicony, containing Braoden* 
^i^gy Eruflian Pomerania, and Swedifli Pomennia, Magde- 
burg, and Halberftadt in Lo^tr Saxony ; Glatz in Bohemia ; 
IWtindfq, RiLveoQwrg, LiDgl^nf Cieves, Mcures, and Mark, in 
ti^ dutcby of WeftphalU& Eaft Friefland, Lippe^ Gulick, 
apd Taqklenburg, in the circle of Weftphalk ; the mar« 
graviateof Anfpach, in the. circle of Franconta; Geldcrin 
the Nethjcrlaodi s Nfufchatel in Swiflerland; and part of 
Silefia. 

Fruflia carnm on a. coniiderable trade,., and the balaitce 
in favour of PrUliia is reckoned greater than that of any other 
Bunypean ibte; great quantities of glais, iroQ works, doth, 
Runlet, filky linen, paper^ powder, copper, and bnds, are. 
aimually. exported. 

Aipber is here found in great quantities, from which the. 
crow:n of PrulIia receives a6,ooo .dollars annually ; alfo great 
fyms from the bitumeni of which fevetal kinds are found 
iQ the Baltic Sea. 

The religions of Prufiia are tho& of the Lutherans and. 
C^alvipifts; but all religions are toleraied. H)s Pruffian Ma- 
jeAy is.abfigjute through all his donftioioas. The Pru£ian 
anny^ even in times of peace,' copfifts of 180,000 men, 
which are reckoned the beil difdpliaied troops in the world ; 
biitjn tinne.of^H'ar it has been augmented to between 3 and 
400,000 men. 

OaaMANY is boundedon thenorth bythe German Ocean, 
Denmark, and-th^Baliic ; on the eafl, by Poland^ Hungary, 
and Bohemia ; on the fouth, by SwilTerland and the Alps ; 
and. on .t^e weft, by France and the Low Countries. It ex- 
tendv fron) 4$ degr^^ 4 minutes, to 54 degrees '40 minutes, 
north latitude; and from 6 degrees to 19 degrees 45 minutes 
efjl. longitude* Germany, is. a great eoipirei having feveral 
ilepend^t fovercignties under it, under different modifications 
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of government, feme of which fcarcely exce^ an £ii^fti 
nuinor .im extent. It is divided Ifnio nine circlet, three OJF 
which lie in the north, three in th^ miiidle, and three in the 
fouth: VIZ. Upper Saxony, Lower Saxony, Weftphaliki; 
Upper Rhine, Lower Rhine, Frahconia; Auftria, Bavaria, 
and Suabia. Theie circles art fubdividedinto princapaiitidi^ 
dutchiea, marquiiates, electorates, palatinates, counties bft* 
ronies, abbies, 'biihaprics,*-^c« 

The climate of.Gemuuiy is in general healthy and afp«e» 
abla, except in the mod northem-and fouthern parts. And 
the foil is particularly fruitful; for though only a ioiall 
proportion of the country is cultivated, yet provifioni iftfe 
in general .cheaper than in moft other countries of Europe 
They hare alib a greater quantity of domeftic animals and 
wild beads, as boars, hares, rabbles, foxes, badgers, goata, 
&c. &c« than other European c^ntries. They alio abound 
in mofi of the fpecies of tame fowl, as well as wild fowL 

There are feveral mines^in Germany of filver, copper, imn^ 
kad, quickiilver, fulphur, nitre, &c. and coaUpits are fbuod 
ia every part of the empire. 

Germany is alfo in great eileem in all other Europeaa 
countries for its mineral fprings and haths, the mod remark* 
^ble of which are thofe of Aix-la-Chapelle, Spa, Pyrmonf, 
Eriis, Wifbaden, Schwalbach, Wildungen, and Brakel, whkli 
bd is enclofed, as the waters are fb drong as to be capable 
of intoxication. 

Th<? manufiaiflunR of^ Germany Con dd of velvets, filks, 
cotton and woollen duifs, linen, fudlaii, ribands, lacC; 
tapedry, &c. They alio make beautiful por^lain and 
)acquered ware, and every kind of hard wmfe. 

The Germans have a condderabib commerce, owing to 
their cenMcal fituatjou, and the balance of trade is greatly 
in their ^vour. The tfdablifiied religion is either Romifln 
Lutheran, or Calvinid', being dififin^t' to the Klifferent parts 
of the enipi^s bift mod other itligloak '-tin Coletated at 
brefcflt. 

The 
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The German language is a dialed of the Teutcmic» and 
ia called the High Dutch, being the mother tongue of the 
whole empfare ; but cveiy different province has a different 
dialea. 

The government of Germany is in 4be bands of about 
300 civil and ecclefiaffical princesi each of whom is abfolute 
in the government of his own ftate; and the whole of them 
form a great confedcracyi governed by political laws, at the 
head of which bthe Emperor, whoTe power in the coUedive 
body is only executive. The Emperor b ele&ed ; but the 
empire for fome centuries has belonged to the Hooie of 
Anftria, as being the moft powerful of the German princes. 
The nine eledon of the empire have eachAP^Lrcicular office 
in the Imperial court : they have the fole eleAieQ of the 
En4>eror, and are as fellow »«-z. The ArchbUhop of Mentz, 
who is high chaocellor of the empire, when in Germany.-* 
s. The ArchUlhop of Treves, who is high chancellor of 
France and Arekt (a dignity merely nominal). — 5. The 
Afcfal»(hop of Cologne. — 4. The King of Bohemia, whob 
cup-bearer.—- 5* The Elector of Bavaria, who is graml 
fewer. — 6. The Eledor of Saxony, who is great marflial 
of the empiee. — 7. The £le£lor of Brandenburg (now 
King of Pruffia), who is great chamberlain. — 8. The Eleftor 
Matine.— 9. The Eledor of Hanover (King of Great Bri- 
tain), who chums the poft of arch-treafurer. 

The revenue of the Emperor, as fuch, is about $ or 6000 
pounds ilerling per annum, arifing from the fiefe in the 
Bbck Foreft« The Auftrian revenues are immenfe, amount* 
ing to 12,000,000 pounds fferling. 

The military force of this country amounts to near half a 
million of men; the fecular princes bringing upwards of 
379,000, the ecclefiafiical 7450, and the Emperor, as the 
bead of theHoufeof Auflria, 90,090. 

Hung^, Bohemia, and the provinces of Tranfylvaniay 
6f bvoqiai Cn^tiagaod Iforlacbiai may be confidered as pact 
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of the German empire^ having been brought under the do- 
minion of the houfe of Auftria. Tfie cflablifhed religion of ^ 
thcfe countries is the church of Rome. — Bohemia lies between 
48 and 52 degrees north latitude, and between 12 and 19 de- 
grees eafl longitude. Bounded on the north by Saxony and 
Brandenburg; on the eaftljy Poland and Hungary; on the 
fouth by Auflriaand Bavaria; and on tlie weft by Bavaria.— 
Tranfylvania lies between 45 and 48 degrees north latitude, 
and between 22 and 2 5«degrees eaii longitude. Bounded on 
the north by Hungary; and Poland ; on the fouth by Wala* 
chia ; on the eaf{ by Moldavia ; and on the weft by Hungary.— 
Sdavonia lies between 45 and 47 degrees north latitude, and 
between 16 and 22 degrees eaft longitude. Bounded by the 
river Drave on the north: bv Auftria on the fouth: bv the * 
Danube on the eaft; and by the Save on the weft. — Croatia 
lies between 44 and 47 degrees north latitude, and betweca. 
1 5 and 17 degrees eaft longitude. Bounded on the north by. 
the Save ; on the fouth by Morlachia ; 00 the eaft of Bofnia ; 
and on tlie weft by Carniola. — Morlachia lies between 44 
and 46 degires north latitude, and between 16 and 1 7 degrees 
eaft longitude. Bounded on the north by Carniola ; on the 
fouth by Dalmatia ; on the eaft by Bofnia ; and on the weft 
by the Gulf of Venice. 

$wi3S£iLAND is bouudcd on the north by Suahla r on the 
eaft by the lake of Conftance, Tirol, and Trait; on the 
fouth by Italy ; and on the weft by France : extending from 
45 to 48 degrees north latitude, and from 6 to 1 1 degrees 
eaft longitude; and is divided into thirteen cantons: viz. 
Bern, Fribourg, Bad, Luccrn, Soloturn, inthe wcftdiviiion; 
Schaft'haufen, Zurich, Appcnzel, in the eaft divifion; and 
Zug, Swifs, Claris, Uri, and Underwald, in the middle divi- 
llon. Seven of thcfe cantons profefk the Rornifl) religion : 
Fribourg, Lucern, Soloturu, Zug, Swifs, Uri, mmI Under- 
wald ; the other fix are Proteftants. The climaje of ;l:is cor.n^ 
try is very various, on account of the inequality of ihe iiirlace 
•f ibe ground, being firuated among \\\t Alps; the hi^hcfr 
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mountains in Europe : fo that it is common for Jhe inhabit- 
ants to be reaping on one (ide of the mountain, while thofe 
on the other fide of the fame mpuntain are fowing. The 
firofts in winter are very fevere ; and in the fummer the heat 
is, in fome parts, intenfe. 

The commerce of Swiflcrland confids of their cattle, 
horfcs, eheefc, butter, hides, fkins, and the produdtions of 
their own manufacture, the principal of which are filks, bro- 
cades, linen, lace, woollens, fluifs, hats, paper, leather, 
porcelain, toys, watches, and clocks. 

Each canton forms a feparatc republic; but when any 
controverfy arifes, it is referred to the general diet, which 
fits at Baden, where each canton has a vote, and fends two 
deputies.^ 

The Netherlands lie between 50 and 54'degree8 north 
latitude, and between 2 and 7 degrees caft longitude. They 
are bound^ on the north by the German ocean ; on the 
caft by Germany; on the weft by the Britifti channel; and 
on the fouth by France and Lorrain. The Netherlands are 
divided into feventeen provinces ; the fcvcn northerly ones 
are called Holland, or the United Provinces, and the other 
ten arc called Flanders, or the Auftrian and French Nether- 
lands. 

The provinces of Holland, are Holland, Zealand, Fric?- 
Jand, Groningen, Overyftel, Guclderland and Zutphen, and 
Utrechr. 

The air of thefe provinces is vtry moift and foggy ; 
their harbours are generally frozen up four months in the 
year; and the foil is very unfavourable for vegetation; but 
the induftry of the inhabitants has greatly improved it, by 
making canals and ditches to drain the land. 

Their commerce is carried on to fuch an extent, that tlicrc k 
is hardly a commndity of traffic on the face of the globe but 
may be 'nought here, and almoft as cheap as in the places 
wlicrc it is produced. 
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The religion of this country is Calvinifm ; but all profef- 
fions and focielics are tolerated, of which there are great 
nunnbcrs. 

The government of Holland is a democracy, and has {o 
continued for upwards of two hundred years ; notwithftand- 
ing they had a prince under the title of ftadtholder, whofe 
powers had very little of the regal nature. 

The ten other provinces of the Netherlands, called Flan- 
ders, have been divided among the Auftrians, French, and 
Dutch, but are now chiefly claimed by the French, and con- 
tain the ten following provinces : viz. — Brabant, Antwerp, 
Malines, Limburgh, Luxemburgh, Namur, Hainaylt, Cam- 
brels, Artois, and Flanders. 

The foil in moll of thefe provinces is extremely fruitful, 
and the air generally healthy, except in Brabant, * and fome 
parts of the fea-coafts. 

The commerce of thefe provinces confifls chiefly of their 
Own manu^ffure, viz.— fine linens, cambricks, laces, and 
woollen manufa6l«]res. 

France extends from 42 to 51 degrees north latitude; 
and from 5 degrees wefl, to 8 degrees eaft longitude. It is 
bounded on the north by the Netherlands and the Euglifli 
channel; on the eaft by Germany, SwilTerland, and Italy; 
on the fouth by the Mediterranean fea and Pyrenean moun- 
tains ; and on the weft by the Bay of Bifcay. France was 
fbttnerly divided into la provinces ; but at the late revolution 
it was divided into 84 departments, each department being 
divided into diftrias, and each diftria into cantons. The 
eighty-four departments are as follows:— i. Straits of Ca- 
Ws: 2. North. 3. Lower Seine. 4. Somme. 5. Aifne. 
6, Ardennes. 7. Channel. 8. Calvados. 9. Eure. lo. Oifc. 
II. Mahie. 12. Meufc. 13. Mofelle. 14. Lower Rhine. 
1 5. Fifiifterre. 1 6. North coaft. 1 7, Iflc and Vilaine. 1 8. 
Mayenoc. 19. Orne. 20. Eure and Loire. 21. Seine and 
,Oife. 22. Paris. 23^ Seine and Marne. 24. Aube. 25. 
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Upper Marnc. a6. Meurtr. 27. Vofges. 28. Upper 
Rhine. 29. Morbihan. 30. Lower Loire. 3i.jVIaycnne 
and Loire. 32. Sarthc. 33. Loire and Cher. 34. Loirett. 
35. Yonne. 36,Coted*Or. 37. Upp>cr Soanne. 38. Doubes. 
39. Vend6e. '40. Two Sevres. 4.1. Vienne. 42. Indre 
andLbire. 43. Indre. 44. Cher. 4$.Nievre. 46. §oanne 
and Loire. 47. Jura. 48. Lower Charente. 49. Cha- 
rente. 50. Upper Vienne. 5i.Creu2e. 52. AUier. 53. 
Rhone and Loire. 54. Ain. 55. Gironde. 56. Dordogne. 
57. Correze. 58. Piiy de Dome. 59. Upper Loire. 60. 
Ifere. 61. I^ndes. 62. Lot and Garonne. 63. Lot. 64. 
Caiital. 65.Lozere. 66. Ardecbe. 67. Dreme. 68. Upper 
Alps. 69. Lower Pyrenees. 70. Gers. 71. U;)per Ga* 
ronne. 72. Tarne. 73. Aveiron. 74. Herault. 75. Gard. 
76. Lower Alps. 77. Upper Pyrenees. 78. Arricge. 79. 
Aude. 80. Eaft Pyrenees. 81. Mouths of Rhone. 82. Var. 
83. Corfica. 84. Mount Blanc. 

The climate of France is reckoned, upon the whole, to be 
more fettled than that of any other country 10 Europe. Jn 
the north the wintep are very cold ; but in the interior parts 
the air is very temperate and healthy ; and in the fouth it is 
fo mild, that invalids retire thither from all the northern 
countries, to avoid the rigour of their own climates. 

The commerce of France con(i(lsof wines, brandy, vine- 
gar, dnigs, oils, fruits, of which they have great variety, 
niks, cambricks, laces, paper, parchment, hardware, toys, 
&c. and their trade is very condderable and lucrative both to 
theEaft and Weft Indies; but particularly to the Europcin 
countries. 

The national religion was always Ronii(h. And their 
monarchs were always limited till the three laft fovereigns of 
France, The executive power is now veiled in three confub, 
the chief of whom is created conful for life, with the power 
of nominating a fucceiTor. 
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Spain lies between 36 and 44 degrees north latitude; 
and between 10 degrees wed, and 3 degrees eafl longitude. 
It is bounded on the north by the Bay of Bifcay and the Py- 
renean mountains ; on the fouth by Gibraltar flraits ; on the 
caft by the Mediterranean fea ; and on the weft by Portugal 
and the Atlantic Ocean. It is divided into the following 
kingdoms or provinces : Galicia, Afturia, Bifcay, Navarre, 
ArragoD, Catalonia^ Valencia, Murcia, Granada, Andaluda, 
Old Caftile, New Caftile, Leon, and Eftrenwdura. 

Spain enjoys a dry, clear, temperate air, except during 
the equinoctial rains ; and in the fouthem provinces during 
the fummer months, where it is very hot. The foil is as fruit- 
ful as the foil of any part of Europe ; hut the natives are 
very indolent. In many part*? the choiccft fruits grow fpon- 
taneoufly. They alfo have a great variety of aromatic herbs. 
Seville is celebrated for its oranges; and Murcia produces 
mulberry- trees in fuch abundance, that the filk exported from 
this part amounts to 200,000 pounds per annum. 

The chief articles of commerce in Spain are gold and fil* 
ver, which they derive from their fetrlements in South Ame- 
rica. The principal manufa^ures are filk, wool, iron, cop- 
per, and hardware. 

The national religion of Spain is the profeflion of the 
church of Rome. The Inquifition always reigned in this 
country, till, by a late edi^, it was put under fome rcftric^ 
tions. 

The conftitution of Spain is the mod abfolutc monarchy 
in Europe. And the revenue from Old Spain only, amounts 
to upwards of 6,000,000 (lerling : what the exad amount of 
the whole revenue is, is not accurately known. 

The military force of Spain is never lefs than 70,000 men 
in time of peace; and in time of war the king basraifed near 
200,000. 

PoKTUGAi. joins to Spain, and is bounded by it on the 
oorth jind eaft ; and on the fouth and wed by the Atlantic 
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Ocean. It extends from 36 degrees 50 rfjinutes to 43 de- 
grees north latitude, and from 7 to 10 degrees weft lon- 
gitude. ^ 

The climate of Portui;al is more temperate than that of 
Spain, on account of its vicinity lo the fea. Their commerce 
conGfls chitfly of wines, fruits, fait, linen, woollen, and 
feme coarfe (ilk. Their religion is that of the church of 
Rome; and the Inquifition has greater power here than iii any 
other country. The conllitution is, like that of Spain, an 
abfolute monarchy. 

Italy, including Sicily, lies between 37 and 47 degrees 
north « latitude, and between 7 and 19 degrees eaft longi- 
tude. On the eaft, fouth, and weft, it is waflied by the 
Adriatic and Mediterranean feas ; and on the north it is fc- 
parated from the reft of Europe by the Alps. It contains the 
following countries: Piedmont, Montferi-at, part of Milan, 
Sardinia Iflt, Naples, Sicily, Milanefe, Mantua, Tufcany, 
the Duke of Parma's territories, Genoefe territories, Oheglia, 
the Duke of Modena*s territories, Venetian territories, Pope's 
dominions, Corfica Ifle, Malta Ifle, and fome other fmall 
iflands. All thefe countries are diftin6t from each other; 
having difftrent forms of government, different trade, and 
feparate interefts. 

Italy has a fine foil, and temperate but warm climate ; 
the foil however is greatly neglected, owing to the indolence 
of the inhabitants. 

The religion, univerfally profefled throughout Italy, is 
that of the church of Rome ; but people of all other religions 
generally live unmolefted in moft parts of Italy. The com- 
merce and manufaflufes are various, according to the dif- 
ferent ftates ; but wines, fruits, and oil, conftitute the chief 
articles. The curiofities to be met with in this extenlive 
tra6t of country are almoft innumerable, it being the feat of 
ib wiany nations of antiquity, panicularly of ancient Rome : 
VttiCt^ there are innumerable remains of the arts, the^ 
3 ' works 
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works of ancient artifis : the burning mountains alfo con&l* 
tute one of their greateil natural curiofiries. The Italian 
language is derived from the Latin ; with an intermixture of 
words from the Goths, and other barbarous nations ; but 
every feparate date has a different dialef)*. 

To defcribe the form of government of each flate« would 
be to enter into too minute a detail, as they are different ia 
every ftate. 
, Turkey extends into both Europe and Afia. 

European 'turkey extends from 17 to 40 degrees ea^ 
longitude, and between 3 7 and 49 degrees north latitude. 
It is bounded on the north by Ruilfia, Fokad, and Sclavo- 
nia ; on the eail by the Black Sea, the Hellefpont, and the 
Archipelago ; on the fouth by the Mediterranean ; and pa 
the wed by the Mediterraneaq, and Venetian and Aufirian 
territories. 

Turkey in Europe contains fome of the moll genial cli« 
mates in the world ; and is divided into the following pro- 
vinces : Crim and Little Tartary, Budzaic Tartary, Beflara- 
bia, Moldavia, AVallachia, Bulgaria, Servia, Bofnia, Roma* 
nia, Macedonia, Janna, Livadia, Epirus, Albania, Dalma« 
tia, Ragufa, Corinth, Argos, Sparta, Olympia, Arcadia, 
Ells. 

The foil of Turkey is extremely fruitful, where the leaft 
indnftry has been employed : and all the fruits common to 
all the warm climates are produced here jn great perfection; 
and many valuable drugs are natives of this country. 

The commerce and manufadures of Turkey are chiftfly 
iilks, drugs, dying ftuffs, in their natural ftate; with cottons, 
carpets, leather, velvets, foap, &c. ; but though the Turks 
are Htuated in the moft advantageous part of both Europe 
and Afia for traffic, yet they (hamefolly negled it. 

The religion which the Turks univerfally profefs, is Mat 
hometifm; bgt they are divided into as many feSs as the 
profcffors of Chriftianity^ The high pricfl, or Mufti, is ai» 
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officer df fuch honour, that whenever he comes into court, 
the Grand Seignior rife$ from his feat and meets him. Moff 
other religions are tolerated here by paying an annual tax. 

The government of Turkey is that of an ibiblutc monar- 
chy ; and in this empire there is no hereditary fucceflion by 
law to any property ; yet the rights of individuals are ren- 
■ dered fecure by being annexed to the churcli, by which means 
even Jews and Chriftians may fecure their property in lands 
to the latcfl: pofterity. The revenue of Turkey amounts to 
upwards of twenty-five millions per annum, but does not pro- 
duce four millions to the emperor's tmfury ; the reft beb^ 
expended in colle^ng, Bcc, The forces of the Turkiih em- 
pire are of two forts ; the one has certain lands for their 
maintenance, and the other is paid out of the treafury. The 
former amount to 268,000 troopers ; the latter, called the 
horfe>guards, are about 12,000; and the janizaries, or foot* 
guards, 25,000; beiid^ 100,000 foot foldiers in different 
^rtsof tjieempinc. 
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OF ASIA. 

Asia forms the mod remarkable quarter of the globe in 

ancient hiftory. It was here that the firft man was created 

here the patriarch Noah was prefervcd during the flood—and 
from this quarter the world was rcpeopled a fecond time. 
In Afia lived all the patriarchs recorded in Scripture— 

and 



OP GEooiiJiraT* 175 



^^^» 



and this was the fccDC of all the tnn&£t\oas rtcordtd in Holy 
Writ— and, finally, it was here Jefiit Chrifi appeared, timI 
wrought th^ falvation of noankind— and from hence the 
Chriftian religion was pn^gated. 

This quarter of the globe enjoys the mofi ferene air and 
frnitfiil foil of all the quarters, and produces the moil defi* 
dous fruits, odorifS^rous ihrubs, Qnces, and TaluaUe drugs, 
gums, ice. 

Idolatry and Mahonoetifin are almofi univerfal in this qnar* 
tcr of the globe, except inafew European fettlemeiits. The 
hnguages in ufe in thb quarter are chiefly the Arabic^ Per* 
lian, Mahyan, Clunefe, Ji^Mmefe, Tartarian, Ruffian, and 
Turkifli. 

Afia is bounded on the weft by the Red Sea, the Mediter* 
ranean, the Archipelago^ the Black Sea, and Rurope ; on 
the north by the Frozen Ocean ; on the^eaft and fouth by the 
Fadfic and Indian Oceans. It is fituated between the equator 
and the frigid zone, andWween a; and i8o degrees of eaft 
longitude ; it is about 4800 miles in length, aud 4300 19 
breadth, and contains the following countries. 

Tu R K ET in Afia, being the other part of the Turkifli em- 
pire, is about 2000 miles in length from eaft to weft, and 
800 in breadth from the northern parts to the deferts of 
Arabia. Jt is bounded on the north by the Black Sea and 
Circaffia ; on the eaft by Perfia ; on the fouth by Arabia and 
the Levant Tea ; and on the weft by the Archipdago and the 
HelleTpont. 

This part of Turkey was the principal fcene of all the 
rranfa^ions recorded in ancient writ, iacred and profane. 

TARTARvisan extenfive country taken in its full extent, 
and ftretches from M nfcovy on the weft, to the Pacific Ocean 
on the eaft ; and from the nations of China, India, Perfia, 
and Turkey, on the fouth, to the impenetrable regions of the 
north. It extends from the thirtieth degree of noith latitude 
to the frozen regions of the north pole; and from 50 to 199 
degrees eaft loo^de ; and contains Ruffian, Cluueie, Mo* 
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guleiiii and Independent Tartary, which^are its four grand 
di vifionsi 4000 mile^ in length, and 2400 in breadth, 

rhrough fuch an extenfive traA of country the foil and 
dii Date muft neceflarily partake of a great variety. 

Ifheir manners, language, ice. muft alfo be as various* 

CARINA li^s on the eaftern borders of the continent of Afia, 
and it divided from Chinefe Tartary on the north, by a pro- 
digious wall, and, in fome places, by inacceifible mountains t 
on the eaft it is bounded by the Yellow Sea and Pacific Ocean^ 
^hich feparates it from America; on the fouth by the Chi- 
neic fea, and th^ kingdpm of Tonquin ; and on the weft by 
Tibet. It extends from 21 to 44 decrees north latitude, and 
from 94 to 133 degrees eaft longitude. 

In fuch an extenfive country there muft no doubt be a va- 
ri^y of climates. The fouthern parts are very hot, and have 
violent rains, while the northern parts are very cold, and 
their rivers frozen for fome months during the winter ; but 
the middle parts art temperate and pleafant. The foil alfo 
partakes of a great variety, though there is no part of this 
extenfive country but is fruitful, either from nature or art; 
for fuch is the induftry of the Chinefe, ^hac they fuSer verj 
little, if any land, to lie uncultivated. 

The Chinefe have a confiderable trade with every European 
nation, and with North America, exporting filks, cotton, 
gold and filver ftufl^ painted gauzes, teas, china-ware^ 
paper, and Indian ink, for which they receive ready money • 
defpifing the Dianufa£hires of every other country but their 
pwn. 

There are a great number of natural and artificial curio- 
dies in China. ^ Ampng the latter are reckoned the ftinwus 
wall which divides China from Tartary, extending over. 
mountains and yallie^, of 1500 miles in length, and from ao 
^ *S (€^. io height, and broad enough for fix horfemen tq 
travel abreaft. It has ftood near 1800 years, and is now al* 
jnoft entire. 2. Their canals are works of great inagQitude^ 
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IfljSaitely exceeding thofe in Europe. 3. The bridge over the 
liVer Saffreny, which confifts of a fingle arch, whofe (pan is 
400 cubits, and its height 500. 4. The Cientao, or road 
of pillars, which is a road broad enough for four horfes to 
travel abreaft, and near four miles in length, defended by aa 
iron railing ; and unites the fummits of feveral nYOuntaios, ill 
order to avoid the winding of the roads. It refts upon (Irong 
ftone pillars for the mod part 5. The bridge of chabsi 
which is a bridge built upon a number of (Irong iron chaim, 
and hangs over a very deep valley, in the neighbourhood of 
King-Tung. 6. The triumphal arches of China, of which 
there are above 11 00; aooof them are very magnificent; 
they were erected in memory of their great princes, legifla* 
tors, &C. 7* The tower of Nan-King, called the Porcelain 
Tower, being wholly covered with the mod beautifiil china | 
upwards of three hundred feet in height, nine ilories high ; 
each ftqiy decreafing gradually to the top. The whole forms 
the moft correct and grand piece of archltefture to- be met 
with in the Eaft. 

Among the natural curiofities may be reckoned their water* 
^Is and volcanoes. 

Their religion is that of Fagfmifm ; the deities are mea 
that have been eminent in arts and fciences. They alfo wor** 
ihip inanimate beings, as mountains, woods, and rivers; but 
they acknowledge only one Supreme Being. 

India, or Hi n dost an, is an extenfive country taken ia 
Its full extent. Bounded on the north by Tibet and Ulbeck 
Tartary ; on the fouth by the Indian Ocean ; on the eaft by 
China and the Pacific ; and on the weft by Perfia and the 
Indian Ocean. It extends from 1 degree to 4.0 degrees north 
latitude, and from 66 to 109 degrees eall longitude; and is 
principally divided into three parts :— >z. The peninfula of 
India beyond the Ganges, on the eaft ; a. the main laqd, or 
empire of the Great Mogul, on the north; 3. the peninfula 
within the Ganges, or on this fide of it, on the weft. 

|A great part of the fea-coaft of India, as well as confidemble 
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diftrias in die interior, bdoog to the fing ii(h Eaft India Cocn- 
paoy, whene there are many large and rich fettlementi, fipon 
wittch we recdTe great quaadties of Eaft India commoditiet. 

As the. country extends through ^o >n^y degrees of lad* 
tudc^ thcce is a great differrnce in the climates of the differ- 
eut paxtt. In the northern prts the air is Tery dry and 
healthy ; but in tfaeiiMithem parts near the iea, in low hnds, 
the air b veiy hot and moift : they divide the year into the 
diy and wet fieafixis. 

The Ibil, in general, throughout the whole cmmtiy, ii 
very fruitful, produdng all the variety of plants, drugs, and 
firuitK, to be met with in the other tropical dimalcs. There 
are al(b mines of gold, diamonds, rubies, topaxes, and oAer 
precious ftooei. 

In the European (ettlements the religion b Chiiffianity ; 
but in die aofthem and inland parts they are either Blabome« 
fans or Pagans; and divided iuto leveral kingdoms, each of 
which ii governed by one or more abiolute monarchs, 

Pbksia extends from s j to 45 degrees north latitude, and 
from 4$ to 67 degrees eafi longitude. It is bounded on the 
caft by the MoguPs dominions; on the north by Uibeck 
Tartary, the Cafpian Sea, and Circaffia; on the fouth by the 
Indian Ocean and Golf of IVrfia; and on the weft by Arabia 
and the Turkifh empire. 

The climaies of this country are very various. Inthenorth- 
em parts, and near the mountains, which are covered with 
fnow, tlie air is very cold; in the midland parts it is (erene^ 
pure, and healthy; but towards the {buthem parts there are 
fomedmes hot fuffbcadng winds, wliich blow over a iandy 
defert from ibuth and eaft; a bhft of which has fixnetimes 
ftnick the unwary traveller with death in an inftant. The 
ibil is various, being in fome parts very barren, but where it 
is well watered it is very fruitfuL 

The principal commodities of traffic are (ilks, camlets 
carpet, leather, cmbradery, gold and filvcr threads, mo* 
kkir, kc 
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TIk nadoml idig^oa of Perfia is that of Mahometifni| 
and dK fea of Ali. 

Arabia extends fnmi 3{ to 60 degrees eaft longitude, and 
fifom 1 2 d^roes 30 minutes to 30 degrees north latitude. It 
if bounded on the north by Afiatic Turkey ; on the fouth by 
the Indian Ocean ; on the eaft by the Eupiirates and Gulf of 
Baflbca; and on the weft by the Red Sea. 

Arabia is divided into three parts, viz. Arabia Petnea, or 
the Stony; Arabia Deiertai or the Defert; and Arabia Felix, 
or the Happy. 

Arabia the Stony is the wildernefs in which the children of 
Ifirael fojoumcd 40 years : and in it may be feen the mouA- 
tains of Horeb and Sinai, mentioned- in Sacred Writ. 

Arabia the Defert principally confifts of a larg^ (andy de» 
fat; ic has, however, a few fpots of fruitful land, covered, 
widi verdure, which are interfperfed in difTerent parts of the 
deferL It is over this defert that fomc of the eafterii nations 
bring their commodities of traffic from the Eaft, travelling in 
large caravans. 

Arabia the Happy is, in general, barren ; but fome of the 
^rallies between the mountains, and thofe plains which are 
well fupplied with water, are very fruitful. From this part 
gitat quantities of drugs are exported to Europe, and alfo 
Turkey coffee. 

The Arabs are, in general, a wandering people : many of 
their tribes live wholly in tents, and fubfift partly by robbing 
the caravans which travel through the defert, and partly by 

If f produce of their country, and the flefli of their cattle; 
laifing no grain of any kind for domeftic ufe. 

Their religion is that of Mahometifm ; but many of the 
tribes are ftill Pagans. Their language is faid to exceed even 
the Greek itfclf in copioufnefs. The Arabians have never 
yet been fubdued by any military force, though fevcnl at- 
ttoipts have been made for that purpofe. 
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SECT. VIII. 

09 AFRICA* 

The contincint of Afnca it in the form of a peniofak, fur« 
rounded on each fide by water, except where it J(mb9 to Afia 
by the Ifihmus of Sues. Several countries, fiunous in anti« 
quity for the arts and fcienceit, were fituated in the northern 
parts of thb quarter. And in the early days of Chriftianity 
ieveral Chriftian churches were founded here; but at the 
prefent period Mahometifm and idohtry degrade this moil 
fertile quarter of the globe. That mod inhuman commercei 
trafficking in men, alfo is carried on here by the European 
nations. 

The ancients believed the greater part of this quarter of 
the globe to be uninhabited, as alfo the greater part of Afia, 
and, indeed, all tliat part of the globe lying between the 
tropics ; but modem travellers have difcovered, that the tro* 
picai countries are in general the moft fertile and bed popu* 
lated ; and of thefe the fouthcrn and interior parts of Africa 
are found the mod eligible, both for vegetation and popula* 
don. Its fea-coads are the only parts with which we are par* 
cicularly acquainted ; but travellers are now bufily employed 
in making difcoveries in the internal parts. 

Africa is bounded on the we(t by the Atlantic Ocean; on 
the north by the Mediterranean ; on the eafl by the Red Sea ; 
and on the fouth by the Southern Ocean. It lies between 37 
degrees north, and 36 degrees fouth latitude, the equator 
running nearly through the middle thereof; and between zy 
degrees well, and 51 degrees eafl longitude. In length, from 
north to fuuth, it is about 4600 miles ; and in breadth| £rom 
eaft to weft| 3500 miles* 
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EflkTPT 18 bounded on the north by the Iftbmus of Sucy ; 
on the eaft by the Red Sea; on the fouth by Nubia ^ ao4 
pn the wpft by the interior parts of Africa. It lies between 
30 aiid 36 degrees eaft longitude ; and between 90 fuid. 3^^ 
fkgrees nprdi latitude ; and B divided into Upp^ and Lqw^ 
Egypt 

The dinnatei during the fummer feafon, it excfffively (tot | 
ivhen the fouth winds often raiie fuch a cloud of &nd as to 
obfcure the light of the fun, and caufc epidemical diftafcs. 

The foil b exceedingly fruitful, owing to the annual over» 
Rowing of the Nile. This riyer^ fo funous in audent hifior|^t 
hMM its rife 21^ Abyflinia, at between iz and la degrees of 
north latitude^ and purfues a northern courfe for above 
i5oomi}es; when it divides into two branches, about fix 
miles below Grand Cairo ; one branch extending eaftward| 
and the other weftward. It begins to rife in the be- 
^ginning of fummer, and increafes three or four inches ia 
height each day, for the firft week : the next fortnight it io« 
f reafes in a ftill greater proportion : and it is near four- months 
befote it is reduced. into its channel again. The princip^ 
cities and towns are built on eminences on the banks of the 
Mile, and, during the inundation, correfpond wit)i each otfafnr 
by means of boats. When the Nile rifes to the hqght of 49 
feet, it produces a plentiful feafoo, but if it excecid^tha^ 
height it is prodqftiye of great nnifcbie^ fweeping away both 
lioufes and cattle. 

In Egypt they generally have tl^re crops in a year : the 
firft, of lettuces and cucumbers; the fecond, of oom; the 
fhirdf of melons, and all the fruits common to hot dipiuues. 

Their pafturef ate the richc(^ in the world, the grafs be« 
iDg ufually as high as the cattle. 

Their trade confifts of great quantities of flax and cotfOQ^ 
^th prepared and unmanufa^ured ; leather of different 
^ods s alfo a greal variety of ^rugs, and roots for dying. 
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' The common language fpoEen here is the vulgar Arabic, 
is if is under tlie dominion of the Turks. 

Barbary extends firom £g>'pt to the Atlantic Ocean, and 
hom the Mediterranean Sea to the Libyan De&rts, being 750 
smies in breadth, and near 2000 in length : contauoing the 
countries of Morocco and Fez, which form one diftinft cm- 
inre; and th« flates of Algiers, Tunis, Tripoli, and Barca^ 
*€ompo(ing feveral didio^ ,ftates, united together in confede- 
racy, under the Turklfli government. 

Its foil is exceedingly fruitful, producing excellent corn, 
cattle, and paflure, and all the variety of tropical fruits ; 9od 
vail quantities of fi{h and fowl ; alfo a great variety oi tame 
and wild animals. 

The commerce of this country is chiefly carried on by 
caravans: their exports coufifl of leather, mats, handker- 
chiefs, carpets, elepliant's teeth, oflrich feathers, cofper, 
tin, wool, fruits, gum, drugs, &c. for which tjiey receive 
'timber, artillery, gunpowder, &c, 

Thdr religion is that of Mahomctifm. Their langoagp 
' varies according to the differciit parts of the county. That 
^ken in the inland parts, is either an Africin lapgui^c^ or 
a corrupt Arabic. The latter is alfo fpoken in moil of tlie 
lea-port towns : but in fome parts tliey ufe a mixed langiagCy 
fbch at is fpoken in moft of the Mediterranean ports, 

Mofl of the Barbary (btes fubfifl by piracy : and their failors 
fight defperately when they meet a veflel belonging to any 
p6wer with whom they are at war. 

Tlie governmenl is that of an abfolute monarchy. The 
emperor is in general both judge and executioner; and be 
acknowledges the Grand Seignior of Turkey to be his fope* 
rior. When there is a vacancy in the govemmenc, every 
foldier in the army has a vote in choofing a new emperor, 
which is often attended with great bloodfhed. 

The parts of Africa, ^m the th>pic of Cancer to. the 
Cape of Good Hope, are very little known, excejK thefea* 
coaft thereoft The natives in general are black| except 
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thofe of Abyffiaia, who are of a tawncy complexioDy and 
are a mixture of Jews, Chrifiians, and Pagans. The religioQ 
of the other countries in this part is generally that of Pi- 
ganifm, and the form of government every where monair* 
chical, except in a few fettlements formed by the Europeanii 
on the fea-coaft. Few of thdr princes, however, poflefs an 
cxtenfive degree of territo/y. As the natives are ignorant of 
all the arts of utility and refinement, the different kingdoms 
are therefore unconneded with each other, and are gene- 
rally at war. 

The foil of Africa is in general very fruitful : though in 
fome parts it is perfe£t]y barren, particularly where there 
is very little water;' the heat of the fun reducing the 
foil to a perfect (and; fuch are the countries of Anian 
and Zaara; but the countries of MandiAgo^ Etfaiopiay 
Congo, Angola, fiatua, Truticui, Monomotapa, Caiati, and 
Meluoenrugi, are extremely fruitful, and very rich in gold 
and filver. 

On the weftem coaft the Englifh trade is carried on a£ 
James's Fort, and other fettlements, near and up the river 
Gambia, where woollen and linen cloths, hardware, and 
fpirituoos liquors*^ are exchanged for the perfons of the na* 
tives. Many of the negroes will fell their own fiunilies for 
thofe fuperfluities. The natives are often trepanned by 
foreigners, or their own countrymen, and then fold to the 
£uropeafis : and many more are fold by the princes of the 
different ftates, being captives taken in war. Gold and 
ivory form the principal branches of commerce, next to that 
of the flaves. 

The Portuguefe poflefs the greater part of the eai^ and 
weft coaft of Africa, from the tropic of Capricorn to the 
equator. The Dutch have fome fettlements towards the 
fouthem parts of the continent ; and Cape Town, at the 
Cape of Good Hope^ belongs.to them, and is well fbrtifiiKl» 
and wb^re the ihipt bound for }ndia ufually put. 4i^'|u^ 
trade with the nadvcs, or HottentoH^ hf^ their ca^ and 
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Other ^Ntirifiohs, jfbr wUch they give thein fprntnoiit B^uon. 
There tie ftreral Ufainds neir the cotft of AfncSf Ijring in 
die Eafiem or Indian Ocein, or in the Wcftem or Atlsntic 
Ocean, of which the chief are ; 

1. ZocoTRA, fitusoed in $3 degrees eaft longitude^ and 
12 degrees north latitude; 30 leagaes eaft of Cape Guar- 
dafui, on the continent of Africa { being 80 nules in lengtii» 
and $4 in breadth, and lias two good harbours. It is a po- 
pulous, plentiful country, gov'emed by a pdatit who h 
tributary to the Porte. 

2. Babblicakdbl, fituatedinthefhntof tfaefimoename, 
at the entrance of the feed 9ea, h 44 degttes 30 miiintes 
eaft bngitude, and 12 degrees north ladtud^ beii^ a final! 
fiudy ifland, hot five miles round* 

3. The iflahds of Joanna, Mayotta, MoMUai Asgeseia, 
and Comoro, fitiiated between 41 and 46 degrees eaft lon- 
gftnde, aftd between 16 and 14 degrees fouth ktitade: the 
chief of thefe b Joanna, to which the others are tributary, 
being 30 mSes long, and ij broad : aSbrdfaig exceffent fruits 
khd provifiohs. The natives are a friendly let of people^ 
and pirofefs the Mahometan religion. 

4. Ma'dagascae, the latgeft of the African iflands, 
iituated between 43 aiid $1 degrees eaft longitude, and be- 
tween 10 and 26 degrees fouth latitude; three hundred 
nules fouth-eaft of the continent of Afirica, being near toco 
miles in length, from north to fouth ; and between 2 and 
300 miles in breadth. Between this ifland and the Cape of 
Good Hope, or the continent of Africa, tlie fea rofls with 
great force, and is exceedingly rough. In this channel, aft 
European ftiips pafs in their voyage to and from India, except 
the water be too rough. Madagafcar is a fertile country, 
abounding in all the variety of fruits and vegetables to bt 
met with in the fame climate. The air is temperate adfb, 
and heakhy. It is inhabited by both blacks and wliites, pro- 
fclfihg different religions ; but principally Mahometifin and 
I'aganifm ; and governed by fevefal pfey princes. 

5* Mav« 
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. {• If AVKiTivs, or Mauiioe, fituaifd in $6 dcgjrpes^ q^ 
loi^tude» tod ao degrees ibuth latitude; abput 400, n^ilo 
eaft of Madififcar. |t ia of an oval form, an^ ^\>ou^ i(q 
miles in cjrenmfertoce, with a laijge $ne bartKiur. Thg 
dionatr is healthy and pleaiaot ; s^id the iflai^d is i^tejl warred 
MPith Saml rivers: though the (oil is not ia fruitful as tbaf 
^ the fannff, it neverthde^ feqds a great number of cattle^ 
iheep, deer, and goats. 

6. BoviiyoH, fituated 20 $4 degrees, eaft lon^tud^ fiid 
•I degrees Ibuth latitude ; about 300 miles ,eaft of . Ifisdfffifr 
car, and about 90 miles in circumference. Surrounded for 
the moft part with blind rocks, a few feet underwater. Thf 
climate is in general healthy, though hot. It affords yeu 
good pafture and caule. 

There are feveral other fmall iflands about M^dagafcaTi 
9lid on the fMftem cofA of Afripa. 

7* St. I(KLa|f 4, fitqafed in 6 degrees weft longitude, and. 
j6 4fg9pt9 fouth. latitude; being laoo miles weft from the 
^ntinent of Africa, and zSoo eaft from South America. 
The whole ifUnd is fituated on a rock, and is about a 1 
mles in eirpumfetience. Therr is but One tandingrplacp in 
the ifland, whicl> is at the eaft fide thereof. It is very far- 
tile, diverfified by bills and vallies, and abounds in all the 
coq?eniciices and comforts of life. There are about aoo 
ftmilies, maftly defcended from Englifh parents. 

8. AscsMsiov, fituated in 7 degrees 40 minutes ibuth 
latitude,, and 600 miles north-weft of St. Helena. It Is a 
mountainous baraeo iiland, and uninhabited ; about ao miks 
loufid. 

9* St. Matthiw, fitnrted in 6 degrees i minute weft 
loAgitude, and i degree 30 minutes foutb latitude; aqd 
uninhabrted. 

10. Cape Vbro Islands are fituated between 23 and 
a6 degrees weft longitude, and between 14 and 18 degrees 
north latitude. They are about 20 in number; but the 
principal are St. Jago^ Bravo^ Fogo, Mayo, Bonavifta, Sal, 

BB A St. 



its 6W OBOORAPHT. 



St. Nicholasi St. Vincent, Stnta Cruz, and St. Antonio. 
They moftly belong to the Portuguefe and Spaniards. The 
air in general u rery hot, and in fome unwbolefome. They 
ate inhabited by Europeans and their defcendants. 
' XX. Go&BS, fituated in 14 degrees 43 minutes north lad* 
tude, and 1 7 degrees 20 minutes weft longitude. It b a finall 
(pot not exceeding two miles in drcumferencei but an im« 
portant fituation for trade. 

1%. The Cahaeibs, or Fortuwatb Islands, arc 
(even in xnimber, and fituated between is and 19 degrees 
weft longitude, and between 97 and 39 degrees north lati* 
tude. Thefe iflands have a pure tem p erate air, and abound 
in moft delicious fruits, from whence they have thofe rich 
wines called Canary, of which they export io,oco hogflie«if 
annually. 

X5. The Madbibas are three iflands, fituated in $% 
degrees %y minutes north latitude, and betw e en x8 degrees 
30 nnnutes and 19 degrees weft longitude. Thefe Mhmds 
are moftly &nous for producing the Madeiia wine, of which 
no kfi than ao,ooo hogOieads are annually exported. 

14. TheAioBBs, or Wbstbrii Islakxm, are fituated 
between 2$ and 32 degrees weft longitu^ and between 37 
degrees and 40 degrees north htitude. Being 900 miles 
weft of Portugal; and lying in the i^idway between Europe 
and America. Of thefe St. Michael is the Jaigeft, being 
near 100 miles in circumference, and contnnii^ 50^000 
inhabitants. Tercera b the moft important of thefe illandsy 
on account of its harbour, which is very fptdous, and af- 
fords good anchorage. There are feven other of thefe 
iflands : their names are Santa Maria, St. George, Gntdofiiy 
Fayal, Pic% Floies, and Corvo. 
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SECT. IX. 

OP AMBEICA** 

Ambaica, or tbe Great Weftcm Candnent, frequently 
called the New World, extends firooi tbe 80th degree of north 
ladtudci to tbe 56th degree of fouth latitude; and where the 
bre^ith is known, from the 35th degree, to the 136th 
degree weft longitude; extending near 9000 miles in length, 
and 3690 in breadth. As' it extends into both hemifpheres, 
it has two fummers and two winters. It is waihed by. the 
two great oceans, the AtUntfc and Pacific ; having the former 
on the eaft, and the latter on the weft : by thefe Teas it ha^ 
a direft communication with the other three quarters <tf 
the world. It is compofed of two great continents, North 
and South America, conneded tog^her by the kingdom of 
Mexico, which b an ifthmus of 1 500 miles long, tad in one 
part only 60 miles broad. 

AMsaiCA is the beft watered of any part of the globe; 
even tbofe vaft tra^s of country fituated beyond the Apala* 
chian Mountains, at an imroenfe diftance from the ocean, 
are watered by inland feas, as the Lakes of Canada, which 
give rife to feveral hrge rivers, as the Milfiffippi, the Miflburi, 
tbe Ohio^ and on the north, the river St. Lawrence, all of 
them bdng navigable tQ tbcirheads, which is a great advan- 
tage for commerce. 

SovTii AuMMicA is better watered, if poffime, than North 
America, having the two largeft rivers in the world : viz.-;- 

• ' t 

* To fuch peribns as wiih to make tbemrelves thoroughly acquainted 

■ 

with this part of the world, I would recommend a perufal of the Rev. 
W.Winterbotham's Hiftorical, Geographical, Commercial, and Phiio- 
fophical View of tke United States of America, in foor large votumes 
Ivo. illoftrated by a complete Atlas and other plates, price i/. 161. 

the 
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the mer of Amazons, and the river of La Plata ; the former 
having a courfe of about 3000 mile^ 

A country of fuch vaft extent on both fides of the equator 
muil oeceflarily have all the' varieties of foils and climates to 
be met with in every other part 6f the globe. It alfo pro- 
duces mod of the metals, minerals, plants, fruits, trees, and 
wood, to be met with in the other paits of the world, and 
many of them in greater quandties and higher pcriMtioo. 

Thb country likewife produces diamonds, pearls, emcnids, 
vnethyfts, and other precious (tones ; alfo cochineal, M%o^ 
Anatto, logwood, bniil, fuitic, pinriento, lignum vitai, ricc^ 
ginger, cocoa or ciK>cdate, fug^, cotton, tobacco, the bal- 
fiims of Peru, Tdu, and Chili, JeAiit't hark, meehoacao, 
fifififis, ftrlapariUa, caiEa, tamarinds, and a greet varidj 
ef other woods, roots, and plants, inaay of which were not 
Known before the difcovery of America { beides Udc^ fiirs, 
'iDQ aiiibcf|pris« 

Though die Indians iHll Ihre In quiet pofMion of many 
hige trafts of country, in the inltad parts, yet America, £t> 
fiur as is Icnown, is generally cbum^ by four powers : tIs.^^ 
the Spaniards, Engfiih, Portuguefe, andi American iettlers, 
befaig the defcendants of Europeans, and who have the 
lug^ ihare of country, except the Spaniaids, who poAfs 
fte largeft tnd moft extenfive portion of all, extending iiom 
Kew Mei&eo and Loaifiana, in North Americai to the Straits 
of Magelhn, in South America; except the hn^ prahrloce 
of BrudI, which belongs to Pbrtugal, Surinam,; daioied by 
the Dutch, fod Cayenne, the property of (ho f mioh, «0 hi 
South America. The United States of Ametfctf poftft all 
Chat traft of country which is bounded by the MiiEffippi^ 
the river St. Lawrence, and the Lalces of Canada, on the 
north and weft; and wafhed by the Atlantic Ocean on the 
iaft ; and on ;he fouth by the Gulf of Mexico. 

The Amiaicav Xslavds^ cofBmooly called the Weft 
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hMts^ wai tile ftit of Americt difouvered by the Europeans, 
and are fituaced in the giilf called tbe C^bbean Sea^ 
between tbe continents of Nonh and South America, ex* 
tending from tbe ooaft of Florida, to the river Oroonoko: 
they are divided between live Enropean nations : viz. — the 
EngK(b, French, Spaniards, Dutch, and Danes. 

As aU thefe iflands lie between the tropics, their climates 
and foil are pretty much alike ; the beat would be intolerable, 
tf it were not for the trade-winds which blow during the fore 
part of the day, and the fea and land breeaes. Their feaibns 
mre divided into the wet and diy : in the wet feafims, tlie . 
rain pours down with fuch impetuoHty as to overflow the 
rivets, and ky the low country under water. 

The principal trade of the Weft Indies confills of fugar 
and rum : thiey alfo export cotton, indigo, chdcolaoe, coffee^ 
and dyiOg and phyfical dnigs^ fpkes, and hard woods; for 
wMch th^ reoeif^ from Edrope, nnanufiiAures; from the 
African iflands, wint ; and Jfrom the neighbouring continent, 
unnber and provifions* 

The Bahama Islands, which are faid to be 500 in 
-tnimftier. He to the fouth of Carolina, between 21 and ^7 de* 
grees north latitude, and between 73 and 81 weft longitude. 
Therfc are, however, not above twelve of them of an;^ mag« 
nitudf, the teft being little better than rocks or banks, and 
almoft uninhabited, except Providence Ifland. 

The BaawuDAs, or SuMMBR Islands, fie in the Atlantic 
Ocean, about joo leagues eaft from Carolina, in 3a degrees 
north latitude^ and In IS; degrees weft longitude : thefe are 
fiiid to bie about 400 in inumber ; but containing hot more 
than to,ooo acres. 

Tbe iJDandsof Nswtoundland, Cxi^a BasroN, and 
St. John, He attheYnouth of the river St. Lawrence; add 
are celebrated for the quantity of fiQi found on thdr cokfti, 
wliich b-iuppofed to intreafe the national ftock upwards of 
300,600/. unnuallf : in this branch of «MnttieKe gooo finali 
tinut ^njtt^CittfAitftdf *ntiil 'tOjOoo mbids* 
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B&iTitH Ambkica, or the territories on the contiDcnt 
belon^og to the £ngli(b, are New Britun, Canada, or the 
proTioce of Qpebec» and Nova Scotia, or Acadia : bounded 
on the raft and fouth by the AtUintic Ocean and the. Ame^* 
rican States ; on the north and weft, their boundaries have 
never been defined, but are blended with the huids of the 
Indian nations* New Britain contains Labrador, and New 
North ahd South Wales. Canada contains the towns of 
Quebec, Trois Rivieres, and Montreal, all fituated on the 
river St Lawrence. 

Nova Scotia contains the towns of Ha&£uc, Annapolis, and 
St. John's. 

The United States of America are bounded on the 
weft by th^ Indian nations ; on the north, by Britiih Ame- 
rica; on the weft, by the Athntic; and on the fimth, by 
Spanifti America ; containing the following ftates or colonies : 
New Hampftiire, Maflachufetts, Rhode Ifland, Coiuicdicnt, 
New York, New Jerfey, Pennfylvanb, Delaware^ Maiyland, 
Virginia, North Carolina, South Carolina, Ocoigla, Ver* 
mont, Weftern Territory, and Kentucky. 

The United States, in the year 1776, were only 15 in 
number : Vermont, Kentucky, and the Weftern T^xitory, 
have been ^dded fince. The Weftern Territory is of fuch 
eatent, that the Congreis have determined to divide it into 
ten new ftates. 

From the ktcft accounts, it appears, that die populatioii 
of the United States amounts to upwards of 3,083,600 per- 
Ibn^ who are compofed of almoft all nations, language 
characters, and religions: the greater part, however, have 
defccnded from the Englifti. 

The language generally fpoken through all thcfe ftatcs is 
the Englifti, in which all their civil and ecdeftaftical matters 
are performed, and their records kept. 

There are, however, great numbers of Dutch, French, 
Germans, Spaniards, Jews, and Swedes, who retain in a 
great degree each thdr native language, and havt their le* 
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fpe6^ive places of woiihip ; and in general live comfortabljr 
and unmolefted, as to principles of confSience. 

Nkw England is bounded on the north by Canada; oa 
theeafl by Nova Scotia aqd the Atlantic Ocean ; on the foutb 
by the Atlantic ; and on the wed by New York ; and is di« 
Tided into five ibtes : viz. New Haiiipfhire, MaflacbufettSi 
Rhode Idaridy Connecticut, and Vermont, which are fubdi- 
yided into counties, and thofe counties again fubdivided into 
townfhips. 

New England is a fine country for padures; the valleys am 
generally interfefted with brooks of water, the banks of 
which are covered with a tra^ of rich meadow land. 

The date of Nbw York is bounded on the foutb-ead by 
the Atlantic Ocean ; on the ead by Conne6kicut, MadJKhu* 
fetts, and Vermont ; on the north by Canada ; on the fouth 
and fouth-wcd by Pennfylvania and New Jcrfey 2 being 350 
xniles in length, and 300 in breadth ; and containing about 
44,000 fquare miles, equal to 28,160,000 acres* The river 
St. Lawrence divides this date from Canada. The fettlements 
formed in this date are chiefly upon two oblongs, extend*^ 
ing from the city of New York ead and, north. The^eaft 
is Long Idand, which is 14Q miles in length; the other^ 
extending north, is about 40 miles in breadth. This date 
exports to the Wed Indies, bifcuits, peas, Indian corn, 
apples, onions, boards, daves, horfcs, dieep, butter, cheefe, 
pickled oyders, beef, and pork : but the principal part of 
their trade is wheat, of which, in the year 1775, they ex- 
ported 677,700 bufliels, and 2555 tons of bread, beddet 
2828 tons of flour, for which they receive in exchange the 
commodities of the Wed India iflands. 

New Jersey IS 160 miles in length, and ^2 in breadth. 
Bounded on the ead by Hudfon's river and the fea ; on tht 
fouth by the fea ; on the wed by Delawace bay and river, 
«irhich divides it from Pennfylvania ; and on the north by a 
line drawn from tlie mouth of Mahakkamak river, in lati- 
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tbde 41 degnsM 24 minute«, to a point in Hudfon's fiver^ 
in lathude 41 ^legreei ; containing about 8320 fquare miles. 
' This (tate has a great variety of foil, from the worft to 
liie bi'ft. But it contains a greater portion of barren land 
rfaan any oclier date, there beinj; nearly one fourth of this 
fbte unfit for cultivation. But thofe parts which are fruitful 
are e<)ual in fertility to any part of the United States* 
' The flare of Pennsylvania is bounded by Delaware 
river on the caft ; by the ftate of New York on the north ; 
by the parallel of latitude, 39 degrees 43 minutes 18 fe- 
eonds On the ibuth ; and by a meridian line drawn from the 
faid parallel at five degrees of longitude^ from a pCHOt on 
Delaware river weft* This Aate lies in the form of a paral- 
telooram. The north fide of Pennfvlvania is the beft foiL 
and mod populated, owing to the great number of new roads 
which have iaielv been made. 

The flatc of Delaware is bounded on the north by the 
territorial line (which is a circle), defcribed with a radius of 
IS Fnglifii miles, and wliofe centre is in the middle of the 
town of Newcaftle, uhich divides it froni Pennfylvania ; on 
tlie eatl by Delaware river and bay; on the fouth by a line 
drawn due eaft and weft from Caj)e Henlo|)en in 38 degrees 
30 minutes north latitude, to the middle of the peninfulai 
which line divides the ftate from Worcefter county, in Mary* 
land; and on the weft by Maryland : containing about 1400 
fqnare miles; being 92 miles in length, and 16 in breadth. 

The ftate of 1VIakylam> is bounded on tha north by 
Pennfylvania; on the caft by the Delaware ftate; on the 
fouth and fouth-eaft by a line drawn from the ocean over the 
peninfula (dividing it from Accomac county ia Virginia), to 
the mouth of Potomac river, and from thence up the river 
to its lirft fdtjrce ; from thence, by a due oorth line, till it 
interfe55ls the fouthern boundary at Pennfylvania: being 134 
miles in length, and 1 10 in breadth. The foil of Maryland^ 
where it i« good, will produce from la to t6 bufhels of 
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wheats or from ao to 30 kuiheb of Iiidiao ^orn, per af rc< 
Their trade ia chiefly with the other iU^es, th^ Weft IiKli«>, 
and foine pans of £uxx>pe ; to which places they a^nniuJly ex* 
port 30,000 bog(heads of tobacco, befid^s gnsat <|uapiiiies (j^ 
pig-iron, lumber, (lax«ie^d, and provi6<H». 

The (late of Virginia is bounded on th^.eaA; by thf 
AtJantic ; on the north by Pcnnfylvania and the river Ohio ;. 
on the weft by the Miffiflippi ; and on the fouih by North 
Carolina : being 75B milts ib length, ai\d ^4 ^ tairpadih. 

The ftate of Kentucky is bounded on the north-wcilby 
the river Ohio ; on tlte weft by Cumberlaod river'; on the 
fouth by North Carolina; and on die eaS by.S|u>dy rivff^ 
and 4 HiMi drawd fiiU fouth from its four4e{ tm the portberp 
bouodaFf of North Caroiina : being 2 $o:Tiim im tf^igtl^ ainji 
fiod 10 breadth. Tie fertSihy of the foit i> iiict^ i\m the 
hndf Hi oommon, w^ fmidtiGe 30 bufiiels of w^% or ry^ 
an acM. The beft lands are too rich for wb«V, apd vpU 
produce froni 50 to So buihelt of gpod com per,iu:.ie s auid 
few foils yield more and better tobacco. 

Tbeftateof NoBTB CaaoLiMA b laoundtodon the nrath 
1^ Viiginia; on the eaft by tlie Atlaiilic ; on; the ficnith bj 
South Carolina and Georgia ; and on the wirft by the M\&{^ 
fippi: being 758 miles in length, and 1 to in btadth. 

Theflateof SopTB Caeoliva is boqn^M on th« ^ ^y 
the Atlantic ; on the north by North CaroHna ; on the foHtli 
and fouth-weft by the Savannah river. The weftcrn boun- 
dary is not afcertained. It is reckoned 200 miles in length, 
and 13$ in breadth. 

The ftate of Georgia is bounded on the eaft by the At- 
bAtjc ; 00 the fouth by Fli^<}a$ on the )vf fi by th|r rWer 
Idiffiffippi { on the nprt)i a^nop^-eaft )^ Sputl^ Carpl}p«i 
^.ng 600 a^es m l^gth, and 250 in breadt^* 

Tbp WkftTiaN TiaaiToav incfiyd|^ aV that part of th^ 
Unitpd $t4kte8 on the nfuth-weft of the river Ofaip; bounded 
^ the ireft by the Miffifflppi river ; on the north by the lakes ; 

CCA on 
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on the eafl by Pennfylvania ; and on the fouth and fouth-eaft 
by the river Ohio; containing 41 1,000 fquare miles, equal to 
^63,040,000 acres, from which dedu^ng 43,040,000 acres 
occuiMed by the water, there remain 220,000,000 acres, 
which are to be fold by Congreis, for the difcharge of thq 
national debt 



Territories of Spain in North Americam 

The dominions of Spain, in North America, extend from 
6x degrees t0 ifto degrees weft longitude, and from 8 to 
43 degrees north latitude. Bounded on the north by tho 
United States and the Indian nations ; on the "weft by the 
^^fic Ocean ; on the eaft by the Gnlf.of Mexico and the 
Atlantic; artd on the fouth terminating in the IfthcAus of 
Darien. They contain the following countries, vis. £aft 
Florida,''Weft vFlorida, New Mexico, Caiiforaia; and OU 
Mexico. 

The foil of this extenfive tra^ of country is rery various, 
but in general fertile : and it is in the moft mountainous 
parts that the mines of gold and filver are found. The air is 
in general warm and pleafant; but the northern parts have 
very cold winds ; and the fouthem parts, lying within the 
torrid zone, are exceedingly hot. 



South America* 

Sot7TR Ambrica, from the northern coaft of Tem^ 
Firma, and the Ifthmus of Darien, to the Straits of Magel* 
fen, belongs to the Spaniards^ except the province of Braail, 
which belongs td the Portuguefe ; and the fettlcments of the 
'Putch in Surinam, and thofe of the French in Cayenne. 

Braxil. 
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fiKA£ii^ belonging to the Portuguefe, extends from the 
cquatprtoj^degrees fouth latitude, and from 35 to 60 de^ 
grees weft longitude. Bounded on ihe north by the mouth of 
the river Amazons and tl;ie Atlantic; on theaaft by the At- 
lantic ; on the fouth by the mouth of the river Plata ; and on 
the weft by the unknowri country of- the Am^ons. 

Cayenne is the only fetttement in the'ib6thern continent 
of America retained bv theTrench, and is (ituated between" 
^he equator and 5 degr^^s north latitude; and between 
52 degrees 15 minutes, and 55 degrees 30 minutes weft 
longitude. It extends 240 miles along the coaft of Guiana^ 
and near j^oo miles inland. Bounded by Suria4.n1 on thp 
north ; by the Atlantic on the eftft ; by Amazonia on the 
fouth; and by the territories of the Indians on the weft.' 

Surinam, or Dutch America, lies between 5 and 7de« 
grees north latitude ; and is bounded on t^ie north by Cay- 
rnne ; on the weft by Terra Firma ; on the fouth by the In* 
dian nations ; and on the eaft by the river Oroonoko. 

The dominions of Spain, in South America, contain the 
ollowing extenftve countries, viz. Terra Firma, Peru, Chili, 
Paraguay, Amazonia, and Patagonia; extending, as before 
pbferved, through the whole continent of South America. 

The climate and foil of Spanifti America vary greatly, 
^m the hot burning fand and fmoking fwamp in the north* 
.em parts in the torrid zone, to the cold region of the fouth? 
^rn part, near Cape Hern. 

The iflands of South America are Tefra del Fuego, the 
Falkland Jflands, and the ifland of Juan Eernandes ; the lattef 
of which gave rife to theN famous ftory of Robinfon CrufocL 
from one Alexander Selkirk, mariner, native of Scotland, 
who was put aftiore on this iftand by' his captsiih, in the 
year 1697, and difcovercd by Woodes Rogers in the year 
J 709, who took^ him on board, and broUgEit Mm to Eu- 
rope; after having been on this uninhabited iAand for twelve 

years, 

Tb^ 
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The Qumbcr of inbabkaats In the known paru of the frarld, 
computed at a medium from the befi calculatknis, are about 
tine hoodrcd and fifty-thiee mtilions $ via. 

Europe contains 153 miUaona 
. Afia • m n 500 
Africa - . - 150 
AflMnca « *• 150 
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OF ASTRONOMY. 



SECT. I. 

OP TKS PRIMABT PLAN£TS. 

Bkfoib I proceed to the defcriptiDn of the Primary Pla- 
netsy it will be neceflary to take a view of the iblar fyOeoi, 
with the order and economy of the motions and courfes of 
thofe planets. 

The fyfiems which have been moft generally receiTed hi 
aftronomy, are the Fithmaic^ the CiferMk4n^, PjfiagmM^ 
and the Tyckmic. 

The 
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The PtoUmaic fyfiem, fo called from its inventor Ptolomy^ 
fuppofes the earth to be placed at reft in the centre of tbe 
vniverfey and the heavens revolving about it from caft to 
weft, in the fpace of twenty-four houp, and by this motioti 
ourrying the fun, ftars, and planets, completely round the 
earth in that fpace of time« 

It was this fyftem wluch Ariftode, Hipparthus, and moft 
of the philofophers of antiquity defended fo ftrenuouily, and 
was followed by the whole world for many ages, and longer 
retained in many learned univerfities. But latter improve* 
ments and more evident demonfbations have now utterly ex* 
ploded it» 

In the TjckoHtc fyftem, invented by Tycho, the Dane, the 
earth is alfo fuppofed to be fixed in the centre of the ijiniverfe^ 
and all the heavenly bodies |>erforming a revolution round it . 
in the fpace of twenty-four hours, as in the Ptolomaic fyflem ; 
but with this difference, that it allows a monthly motion to 
the moon round the earth, and alfo the proper motions of 
t]>e fatellites about Jupiter and Saturn. It alfo fuppofes the 
fun to be the centre of all the primary planets : the primary 
planets being carried round the fun in their refped-ive periods, 
while the fun, with all the afbrelaid planets, revolve round 
the earth every twenty-four hours. But this fyftem was (0^ 
inconlifteot with obfervations, that it had but few followers. 
It was therefore altered by Longomontanus and others, who 
allowed the diurnal motion of the earth on its own axis, but 
denied its annual motion round the fun. This improved 
hypothefis is called the /emi-tyckmic fyftem. 

But thefe fyftens have now given place to that called the 
Copentican fyftem, which undoubtedly is the rooft ancient in 
the world. It was firft introduced into Greece and Italy by 
Pythagoras, and from him called the Pythagorean (yftem. It 
was adopted by PhiloUus, Plato, Archimedes, and all the 
moft ancient philofophers, but was at length loft under the 
Peripatetic philofophy« and reftored agpdn about the /ear 
i{oo^ by Nic. Copernicus. 

£ This 



9f AStRONO^^r. 

w » ■ - 



This fyftem has been j^roved by the moft evident demon* 
ftrttions to be the only true one. I (hall therefore conffn^ 
myfelf tothe ciefcri prion of this alone, and the phefiomena 
chat arife from it. 

Fig. I. Plate 15, is a reprefcntation of this fyftetn, where 
the fcven concentric circles, marked Mercury, Venus, the 
Earth, Mars, Jupiter, Saturn, and Georgian Sidus, repre- 
lent the orbits of thefe feven primary planets, perfortning 
each its annual rotatioaround the fun, which is placed in the 
centre. The next two circles rcprefent the' twelve figns of 
the zodiac, with all its diviHons into thirty degrees in each 
(ign. And, ladly, the two next outer circles fliow the twelve 
calendar months of the year, with their divifions into days. 
Of each of which in their order. 

A planet, in the literal fenfe of the word, fignifies a wan- 
derer, or wandering (hir ; and is therefore ufed in contradif- 
tin6tion to the flars which we call fixed. It is a celeftial 
body, globular and opnke, and revolving around the fun, or 
fome other planet, as a centre, at lead as a focus to its orbit, 
which always has a moderate degree of eccentricity, fo that 
it is never much further from the fun, or centre of motion, 
at one time than at another, in proportion to the diameter 
of its orbit. 

TTie planets are either primary or fecondary. 

Primary planets, fometimes called planers, by way of emi- 
nence, are thofc fjven above dcfcribed, which move round 
the fun, as their common centre, or focus of their orbits. 

Secondary planets, or fatellites, arc fiich as move round 
fome primary plp.ner, as their focus, in rhe fanie manner as 
the primar)' planets move round rhe fun. Such areithe 
moon, which moves round the earthy and the four moons 
of Jupiter, the {even moons of Saturn, and the fix of the 
Georgian Sidus. 

The primary planets are divided into fuperiorand inferior: 
the.fupcrior planfts are thofe thir perform their revolutions 
round tlic fun at a <;rc£icr dillance from the fun, than the 

earth 
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Earth is, at Mars, Jupiter, Saturn, and the Georgian. The 
inferior phinets are thofe included within the orbit of the 
earth, as Veous and Mercury ; as may be feen in the figure. 

The planets were ftmnerly reprefented by the fame cha* 
nden which the chemifts made ufe of^ to reprefent their 
metak by, on account of a fuppofed analogy between the 
planets and thofe metals ; and thefe characters are fiili ufed| 
to avoid confiifion. 

Thus, Mercury^ anciently called the meflenger of the Gods, 
was fignified by the character $ ; which flood for the metal 
mercury, and alfo bore a rude refemblance to the heathen 
deity of that name, being a man with wings on his head and 

Faau, the next planet in order, fo named from the God- 
defs of Love, was charadterized by ?, for the figuve of a 
woman ; and denoted the metal copper. 

TeilMtf or the Earth, was charaderized by 0; and is the 
third planet difiant from the Sun. 

Mars^ or the God of War, was denoted by^, andnepiv* 
fented iron ; and fuppofed to bear a refembhmce to a man 
holding out a fpear. 

Jupit^Ty the chief of the heatheix gods, was marked If, xx^ 
rq)refent thunderbolts ; and (ignified the metal tin. 

Saturn^ the father of the gods, was reprefented by ^, to 
reiemble an old man, fup{x>rting himfelf with a fiaff; the 
fame chara£ter being ufed for the metal lead. 

The Georgian^ or Herfchel, is denoted by ^, the initial of 
Dr. Herfchel's name^ with a crofs for the Chriflian planet. 

The orbit of a planet is the path it defcribes in going round 
the Sun ; they are reprefented in the figure by concentric cir* 
cles. The Earth's orbit is called the ecliptic 

Kej^er was the firfl aflronomer who dUcovered that the 
orbits of the planets were not circular^ but of ari elliptic 
form, in the form of the figure (fig. 2), having the Sua in 
one of the foci thereof: and he further difcovertd thefe two 

VOL, ij- s o primary 
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^^ Xifiif's Lttms : viz. Uuit a 

^ ^^^^^^^^^tteSuntDtbe centre of the 

P^ 0t^^ht^ ^^^ ^""^^^ "* tqxal times; or, 

^ d^^ ^M ^ ''''^4^' termsi it defcribei areas 

;^/*f ^^jiflrt; tod the fquares of the periodical 

^^i!tt^!^sre^ ^ ^^ ^^ ^ °>c^ difianccs of 

^p^ jf/{^' *) ^ ^^c o'^b*^ o^ * pbnet, or an 

1^ ^b c is the centre, and « ^ the two foci of the 

ttp^ . ^ of which foci the fun is pkced, as fuppofe i / 

dfiP^^ giea ^ ^^ be equal to the area ^ ^/, the phmet 

^^ ts IpQg in defcribing that part of its orbit from A to 

^fitm g to/. A finught line ^/ drawn through the twa 

^' ^ the orlHt is called the line of the apfidcs, and tlie 

j^ tp being the fiirtheft from the Sun, or centre of motion, 

^called the higher apiis, or aphelim; and the pointy, being 

^ point of the line next the Sun, or centre of motion, is 

called the lower apfis, or periheliwm; therefore, when the 

phnet is in its aphelion, its motion is the floweft of all, and 

when in the perihelion the quickeft. 

The axis of a planet is an imaginary line, fuppofed to be 
drawn through the centre, about which the planet performs 
a diurnal rotation. 

The method of defcribing an ellipfe is this : having fixed 
two pins, or points, a h^ with a piece of thread doubled, and 
a pen, or pencil, ^, in the double of the thread, defcribe the 
ellipfe d ef^ keeping the thread extended to the fiiU length 
by the pencil, d. And note : the two fixed points a and i, 
which hold the thread, are always the two foci of the ellipfe ; 
and the uigher thefe two foci are together, the nearer the 
ellipfe will approach to the form of a circle ; and the fiirther 
they are diAant from each other, the farther the ellipfe de- 
parts from a circular form. The diihince « r, or c ^, that is, 
the diftance from the centre to cither focus, is called the ec- 
cenuicity. 

The 



OP A^STRONOMT. I03 

The orbits of the planets are not all in the (ame plane ; 
neither are any two of them in the fame plane : but the plane 
of the ecliptic, or Earth's orbit, interfe^ the plane of the 
orbit of every other planet in a right line, which pafles 
through the Sun, called the line of the nodes ; and the points 
of interfe^lion of the orbits are called the nodes. 

The different inclinations of the axis of a planet to the 
plane of its orbit are the caufe of the different feafons of the 
year in that planet ; and the diurnal rotation of the planet 
round its axis produces the fucceflive changes of the day and 
night. Thus, in the Earth's orbit (fig. 3), let A reprefent 
the Earth in the fummer feafon, on the 2 1 ft of June. N S it 
the axis of the Earth, N bdng the north, and S the fouth 
pole, about which the Earth performs her revolution every 
twenty -four hours. Let c a reprefent the path defcribed by 
tlie city of London, in the rotation oi the globe round its axis. 
Now the reafon why the days are longer than the nights at 
this feafon -of the year in London, will be evident, from a 
bare infpe£bion of the figure. For the axis of the Earth being 
inclined to a perpendicular drawn to the ecliptic, in an angle 
of twenty-three degrees and a half, and the city of London 
being fituated in the iifty-fecond degree of north latitude, 
which is nighcr the north pole than to the equino6Hal, it will 
not pafs through near fo great a fpace of the dark fide of the 
Earth, or that fide oppofite to the Sun, as it will through the 
illuminated part of the Earth, or part next to the Sun. The 
nights, in this feafon of the year, only continue while Lon- 
don defcribes that part of its track, from c to ^, and from h 
to r, on the other fide : but as foon as it arrives at h it will be 
daybreak, and the day continues while London defcribes that 
part of its track from h to «, and from to ^ on the other fide 
of the globe ; and when it arrives at a^ the Sun will be on the 
meridian, or it will be then noon-day. The length of the 
day, therefore, will be to that of the night, as the diftance 
r ^ to that of h a. 

But when the Earth arrives at B, which is on September 
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the ftady the axb of the Earth always kee|Mng in the fame 
pofition, the days will be equ^I to the nights ; for the illu* 
Diinated parts pf the Earth will extend exactly ^m the 
■porth to the fouth poles ; and therefore, in the paiTage of the 
Earth from A to B, the length of the days will gradually 
decreafe in the northern latitudes, but iiicreafe in the fouthf 
em latitudes. 

Fig. I. Mercury is the fmnlleil of all the primaiy planet^ 
and nearefl the Sun; performing his revolution in a lefs 
fpace of time than any of the red, round the Sun, and with 
a very rapid motion. This occafioned the Greeks to give it 
Its prefent name and chara^er, fralling ir, as before pbferved, 
the meflenger of the gods. 

The mean di (lance of this planet firom the Sun, compared 
with that of the Eafth from the Sun, is as 387 to 1000 ; 
therefore, his diftance firoip the Sun is about 37,000,000 
ixiilesi or little more than one third of the Earth's didance 
from the Sun. Hence, the diameter qf the Sun, fecn from 
Mercury, will appear near three times as large as when fecn 
from the Earth ^ confequently, that planet receives about 
feven times as much heat and light from the Sun, as this 
Earth do^.rr-This is a degrep of heat fuPicient to make 
wa^er boil. 

The diameter of Mercury ii not one third of that of the 
Earth, or about 2600 miles ; therefore, its fur£Ke is nearly 
pne ninth, and its folidity one twenty-feventh of that of the 
Earth. 

The orbit of Mercury is inclined to the plane of the eclipr 
fie, or Earth's orbit^ in an angle of 6 degrees 54 minutes. 
He performs one entire revolution round the Sun in the 
fpace of 87 days 23 hours 1 5^ minutes ; therefore, the fum- 
mers and winters in that planet cannot be inore than 44 days 
each. His grcatcfl elongation from the S'ln, that is, the 
greatefi diflance that he is feen by us to depart from the Sui\| 
\% 28 degrees 20 minutes : tlie eccentricity qf bis orbit is 
pi^e f^th of his proportional meaq difiance from the Sun, 

which 
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which is far greater than tl\at of any of the other planets j 
and the pace with which he moves in bis orbit is at the ania* 
zing rate of about 9 $,000 miles in an hour. 

The place of his aphelion is 14 degrees 13 minutes of 
Sagittary ; the place of his afcending node is i ^ degrees 47 
{ninutes of Taurus, and confcquently that of the deicendin^ 
node, 1 5 degrees and 47 minutes of Scorpio. 

The length of his days, or rotation on his own aids, in* 
clination of his axis to his orbit^ gravity on his furface, den* 
fity and q\iantity of matter, are all unknown. 

Mercury is obferved to appear with various phafes, like 
the Moon ; varying according to his various pofitions with 
regard to the Earth and Sun ; therefore he never appears 
with a full hcc towards us, except when he is too near the 
Sun to be didin^iy feen; for his enlightened f^ce b always 
towards the Spn. From thefe obfervations it is plain, that 
Mercury, like all the other planets, is a dark opake body, 
having no light of his own, but what he receives from the 
Sun ; for, if he hady he woqld always appear completely 
round. 

The bed time to make an obfervatlon on this planet, is 
when it is ken on the Sun's difk, called its tranfit ; at which 
time it pafTes before the Sun, and appears like a little round 
)>lack fpot on the Sun's furface, eclipfing a fmall part thereof, 
and is only vifible through a telefcope. And as thefe tran(it< 
can happen only when the £arth and Mercury are both in 
the fame node of Mercury, (that is, on the 6th of November, 
and the 4th of May ;) and at which time Mercury mud alfo 
be in an inferior conjunction, it will follow, that at thefe 
times, when Mercury is in the inferior conjundlion with the 
Sun, he will appear to pafs over the Sun's difk. 

But in all the other parts of his orbit, he will never make 
a tranfit over the Sui], though he may be in an inferior <:on* 
junction, becaufe he goes cither above or below the fiace of 
the Sun. GaiTendi, in November i63i,.firfl took an obfer- 
vation of this kind^ and Mr. Whifton has given a lift of 

feveral 
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ktenl tnniits of Mercury: viz.^ — November i2tb, at 3 
hours 44 minutes, afternoon^ in 1 782 ; May 4th, at 6 
hours 57 minutes, forenoon, 1786; November 5th, 3 
houn 5$ minutes, afternoon, 1789; and the 7th, 2 
hours 34 minutes, afternoon, 1799. 

F'emUf the brighteft, and, to appearance, the largeft of 
all the planets, is the next inferior planet, and is diftin- 
guifhed from all the reft by her bnghtnefs, and white ap- 
|yearance : her light is fo c<ff)liderable, that in a dufky place 
ihe will often caufe an objeA to project a fenlible (hadow ; 
and her brightnefs is fo great, as often to render her vifible 
in the day-time. 

As Venus moves round the Sun in an orbit within the 
Earth's orbit, like Mercury, fhc can never be feen in oppo- 
fition to the Sun, though fhe departs farther from him than 
Mercury does; her greateft diftance from the Sun being 
about 47 degrees 48 minutes, as feen from the Earth. 

When (he is on the weft of the Sun, which happens from 
her inferior to her fuperior conjun6liun with him, fhe rifei 
in the morning before the Sim, and is then called the morning 
ftar; when ftie is to the eaft of the Sun, which is from her 
fuperior to her inferior conjunftion, fhe fets after the Sun in 
the evening, and is then called the evening flat. 

The diameter of Venus is nearly equal to that of the 
Earth, being about 7687 miles ; her apparent mean diameter, 
feen from the Earth, is 58 feconds ; but her apparent dia- 
meter, feen from the Sun, or her horizontal parallax, b only 
30 feconds : her diftance from the Sun 68,000,000 miles ; 
her eccentricity yi^ of her diftance, or near 476,000 miles. 
The inclination of her orbit to the plane of the ecliptic is 
3 degrees 23 minutes ; the points of their interfe6^ions, or 
fiodes, are in 14 degrees of Gemini and Sagittary. The pbce 
of her aphelion is 9 degrees 38 minutes of Aquarius. Her 
axis is inclined to her orbit in an angle of 75 degrees t he? 
periodical courfe round the Sun is performed in 224 days 16 
houn 49 minutes. The diurnal rotation round ber a3(is b 

not 
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not certainly known : Ctflini makes k 23 hours, but otjbert 
make it much more. 

When Venus is obferved through a good telefcope, (he is 
perceired to have various i>haies and changes, like thoie of 
Che Moon; her illuminated parts being cooilantly turned 
cowards the Sun. 

Dr. Herlchel uiade many obicrvations on this phneti 
between the years 1777 and 1793. The refults of his ob* 
fiervations are, that this planet has a revolution about its own 
axis, but the periodical time of whicli he was not ab)e to 
afcertain ; that the pofition of its axis cannot certainly be 
known ; that the planet's atmofphere is very confiderable t 
Che furface of the pbinet he alfo found to be diverfified with 
hHk and vallies, and other inequalities. But the amiofphere 
of the planet appeared fo deofe^ or fome other obfiru£Hon in 
che region of the planet prevented him, as he fays, from 
having a particular view of the oaountains, though affified 
by the bci^ ioifaruments. 

The tcaofiCB of Venus happen but feUom. One of tbcic 
traniits was (een in Engbnd, in the year 1639, by Mr. Hor* 
rox and Mr. Crabtree: two more were feen in the laft 
century; the one, June the 6th, 1761 ; and the other in 
June 1769. There will not happen another till the year 
1874. 

In all other rtfpeds^ Venus has the fivne appearance to ua 
KguUrly every eight years ; that is, her conjunftions, ekn^ 
gations, timet of riitng and fecting, being very nearly the 
fame^ and on the (ame days. 

Some aftronomers have difcovered, or imagined they have 
difcovered, a iateUite belonging to Venus : of this number 
was Caffini, who, with a telefcope of 54 feet, in the years 
167a and 1686, thought he iaw a iatelltte move round this 
planet, at the diftance of about three fifths of Venus*s 
diameters. And Mr. Short, in 1740, with a refleSor of 16^ 
inches focus, perceived a finall liar near Venus : and with 
another telefcope of the fame focus, and magnifying to the 
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6oth power, he found its dilbtrce from Venus about lo 
minutes ; and with a glafs magnifying to the d40th powtr, 
lie obferred the different pbafes of this iarrlUte; and its 
diameter appeared to be near one third o^ that of Venus. 
And feveral other acute obfervers have imagined they dif- 
covered the fame thing. 

The Earthy the next primary planet In ordei from the 
Sani is'-our habitation. It performs its re?oiution round 
the San, at the diihiiice of 9^,000,000 miles. Like all the 
other primary planets, it has both a diurnal and annual 
■lotion >-«its diurnal motion is that by which it turns round 
its own axis in the fpace of 94 hours nearly, from weft to 
ctft, and thereby caniing the continual fucceffion of day and 
night Its annual motion is that by which it is carried 
round the Sun in its own orbit, and between the orbits of 
Venus and Mars, having the orbits of Veniils and Mercury 
within its. own orlHt, or between it and the Suii, which is in 
the centre ; and thofe of Mars, Jupiter, Saturn, the Geor- 
gian, &c. without, or above it, .which are thereifore called the 
fnperior planets, and Mercury and Venus the inferior ones.^ 
This annual motion is accompliilied in the fpadeof a yeari 
or 365 days 6 hours, or rather 365 days, 5 hours, 48 minuteii 
48 feconds :^^-rhis is called the tropical year.^ But the time 
the Earth takes to perform its annual revolution, from any 
fixed ftar to the fame again, as feen from the Sun, is 365 
days, 6 hours, 9 minutes, i7feconds, whichisthe fidereal 
year. The figure of the Earth's orbit, as that of all the 
other planets, is elliptical ; the eccentricity of the orbit, or 
diftance of the Sun in the focus from the centre of the orbir, 
is about one (ixtieth part of the mean diflance of the Earth 
from the centre. The Earth, as well as all the other pla- 
nets, performs its annual revolution according to the natural 
order of the figns. 

By the diurnal rotation of the Earth on its axis the fame 

appearance is produced as if it were fixed, and the fun and 
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ttars moved round them every 24 hoiirt. For their turning 
round from weft to eaft, caufesthe Sun, and all the heavenly 
bodies, to appear to move the contrary way, or from eaft to 
weft, as is imagined to be the cafe by the vulgar and illitr* 
rate. Thus, when, by the rotation of the earth, the obfe^er 
ii brought to that part where lie fees the Sun or a ftar juft 
fifing above the horizon, in the eaft, they are faid to be 
rifing ; and as the Earth continues to move, other ftars will 
jq>pear to rife, and advance weftward ; and wh^n, by the 
motion of the Earth, the obferver is brought directly undef* 
the Sun or ftar, they are then faid to be on the nieridian • 
after which, by. a continuance of the fame motion, the ob- 
ferver is brought to the eaftem fide of the Earth, when 
the Sun or ftar will appear to fet on the weftern fide 
thereof. 

The diameter of the Earth is 7957^ miles; though fome 
make it 7964 miles. ^ 

The Earth, throughout its annual orbit,' always keeps its 
axis parallel to itfelf in every part of its orbit; thereby 
occafioning all the varieties of different feafons of the year» 
and the different length of the days and nights, as feen ii\ 
J^. 3 ; the Sun enlightening more of the north polar parts, 
at one feafon of the year, and more of the fouthern parts 
at the opppfite feafon of the year ; thus producing the dif- 
ferent flegrees of heat in the different feafons; for in the 
fuquner feafon the he^t of the Sun is increafed by two caufes, 
viz. I. By the Sun*s r^ys being more vertical to thofe 
fituated in the north parts of the globe ; and, confequently, 
the heat is not diminifhed in palfing through fo great a 
portion of the atmofphere, as when the rays come mrre 
oblique. And, 2dly, luiving the light, and confequently 
the heat of the Sun for a longer fpace of time in the fummt^ 
than in the winter. All which will be evident from an in* 
fpe6tion of the figure. 

What is here affertcd, concernirig the Earth, hoi ^3 good 
yoL. iz. £ g with 
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This fyftem has bccii [Proved by the moft evident demon* 
ftrtttons to be the only true one. I (hall therefore coafin^ 
myfelf tothe defcription of this alone, and the phenomena 
chat arife from it. 

Fig» I. Plate 15, is a reprefcntatioii of this fyftem, where 
the fcven concentric circles, marked Mercury, Venus, the 
Earth, Mars, Jupiter, Saturn, and Georgian Sidus, repire* 
lent the orbits of thefe feven primary planets, perfortning 
each its annual rotatioa round the fun, which is placed in the 
centre. The next two circles reprefent the "twelve figns of 
the zodiac, with all its divifions into thirty degrees in each 
fign. And, ladly, the two next outer circles fliow the twelve 
calendar months of the year, with their divifions into days. 
Of each of which in their order. 

A planet, in the literal fenfc of the word, fignifies a wan- 
derer, or wandering (hir ; and is therefore ufed in contradif- 
tin6tion to the ftars which we call fixed. It is a celefHal 
body, globular and opake, and revolving around the fun, or 
fome other planet, as a centre, at lead as a focus to its orbit, 
which always has a moderate degree of eccentricity, fo that 
it is never much further from the fun, or centre of motion, 
at one time than at another, in proportion to the diameter 
of its orbit. 

The planets are either primary or fecondary. 

Primary planets, fometimes called planers, by way of emi- 
nence, are thofc fjven above dcfcribed, which move round 
the fun, a? their common centre, or focus of their orbits. 

Secondary planets, or fatellites, arc fuch as move round 
fome primary planet, as tlieir focus, in the fame manner as 
the primary planets move round the fun. Such areithe 
moon, which moves round the earth; and the four moons 
of Jupiter, the fcven moons of Saturn, and the fix of the 
Georgian Sidus. 

The primary planets are divided into fuperior and inferior: 
the. fuperior planets are thofe that perform their revolutions 
round the fun at a <^reaicr diilancc from the fun, than the 
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Earth is, at Mars, Jupiter, Saturn, and the Georgian. The 
inferior phinets are thofe included within the orbit of the 
earth, as Veous and Mercury ; as may be feen in the figure. 

The planets were formerly reprefented by the fame cha* 
nden which the chemifts made ufe of^ to reprefent their 
metals by, on account of a fuppofed analogy between the 
planets and thofe metals ; and thefe characters are ftill ufed| 
to av<Md confiifion. 

Thus, Mercury, anciently called the meflenger of the Gods, 
was fignified by the character $ ; which flood for the metal 
mercury, and alfo bore a rude refemblance to the heathen 
deity of that name, being a roan with wings on his head and 

Flnms, the next planet in order, fo named from the God- 
defs of Love, was characterized by ?, for the figure of a 
woman ; and fienoted the metal copper. 

TMu, or the Earth, was charaderized by 0; and is the 
third planet difiant from the Sun. 

Mars, or the God of War, was denoted by^^, and repre- 
fented iron ; and fuppofed to bear a refembbince to a man 
holding out a fpear. 

Ju/aw^ the chief of the heatheix gods, was marked If, xx^ 
rq)refent thunderbolts ; and fignified the metal tin. 

Smtmm, the father of the gods, was reprefented by '^, to 
refemble an old man, fupporting himfelf with a fiaff; the 
&me character being ufed for the metal lead. 

The Gemgian, or Herfchel, is denoted by ^, the initial of 
Dr. Herfchd's nanoe^ with a crofs for the Chriflian planet. 

The oriit of a filangt ts the path it defcribes in going round 
the Sun ; they are reprefented in the figure by concentric cir* 
cles. The Earth's orbit is called the ecliptic 

Ke|^r was the firfl afironomer who difcovered that the 
orbits of the planets were not circular^ but of an elliptic 
form, in the form of the figure (fig. 2), having the Sua in 
^ne of the foci thereof: and he further difcovered thefe two 
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primary laws, from hence called Kepler's Lanu : viz. tiiat a 
radius drawn from the centre of the Sun to the centieof the 
planet, always defcribes equal areas in equal times; or, 
which is the (ame thing, in unequal terms, it defcribes areas 
proportional to thofe limes : and the fquares of the periodical 
times of the planets are as the cubes of the mean difiances of 
the planets from their centres. 

Thus, let Je/ (fig. 2) be the orbit of a planet, or an 
ellipfe, in which r is the centre, and a 6 the two foci of the 
ellipfe, in one of which foci the fun is pbiced, as fuppofe i •* 
then if the area ^ ^^ be equal to the area ^ ^/, the planet 
will be as long in defcribing that part of its orbit from 6 to 
^, as from g to/I A (Iraight line ^y drawn through the tw» 
foci of the orbit is called the line of the apfidts, and the 
point c, being the fiirtheft from the Sun, or centre of motion, 
is called the higher apiis, or aphelim : and the pointy, being 
that point of the line next the Sun, or centre of motion, is 
called the lower apfis, or perihelivms therefore, when the 
planet is in its aphelion, its motion is the floweft of all, and 
when in the perihelion the quickeft. 

The axis of a planet is an imaginary line, fuppofed to be 
drawn through the centre, about which the phuiet performs 
a diurnal rotation. 

The method of defcribing an ellipfe is this : having fixed 
two pins, or points, a ^, with a piece of thread doubled, and 
a pen, or pencil, d^ in the double of the thread, defcribe the 
ellipfe d ef^ keeping the thread extended to the fiiU length 
by the pencil, d. And note : the two fixed points a and h^ 
which hold the thread, are always the two foci of the ellipfe; 
and the uigher thefe two foci are together, the nearer the 
ellipfe will approach to the form of a circle ; and the fiirther 
they are diftant from each other, the farther the ellipfe de- 
parts from a circular form. The diihince « r, or c ^, that is, 
the diftance fr^m the centre to cither focus, is called the ec- 
cenvicity. 

The 
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The orbits of the planets are not all in the fame plane ; 
neither are any two of them in the fame plane : but the plane 
of the ecliptic, or Earth's orbit, interfe^ the plane of the 
orbit of every other planet in a right line, which pafles 
tfarongh the Sun, called the line of the nodes ; and the points 
of interie6Hon of the orbits are called the nodes. 

The dilFerent inclinations of the axis of a planet to the 
plane of its orbit are the caufe of the different feafons of the 
year in that planet ; and the diurnal rotation of the pUinct 
round its axis produces the fucceflive changes of the day and 
night. Thus, in the Earth's orbit (fig. 3), let A reprefent 
the Earth in the fummer feafon, on the 2 1 ft of June. N S it 
the axis of the Earth, N being the north, and S the fouth 
pole, about wluch the Earth performs her revolution every 
twenty-four hours. Let c a reprefent the path defcribed by 
the city of London, in the rotation oi the globe round its axis. 
Now the reafon why the days are longer than the nights at 
this feafon -of the year in London, will be evident, from a 
bare infpe^^ion of the figure. For the axis of the Earth being 
inclined to a perpendicular drawn to the ecliptic, in an angle 
of twenty«three degrees and a half, and the city of London 
being fituated in the iifty-fecond degree of north latitude, 
which is nigher the north pole than to the equino6^ial, it will 
not pafs through near fo great a fpace of the dark fide of the 
Earth, or that fide oppofite to the Sun, as it will through the 
illuminated part of the Earth, or part next to the Sun. The 
nights, in tlus feafon of the year, only continue while Lon* 
don defcribes that part of its track, from c to h^ and from h 
to r, on the other fide : but as foon as it arrives at h it will be 
daybreak, and the day continues while London defcribes that 
part of its track from h\o a^ and from to ^ on the other fide 
of the globe ; and when it arrives at a, the Sun will be on the 
meridian, or it will be then noon-day. The length of the 
day, therefore, will be to that of the night, as the diftance 
r ^ to that of h a. 

But when the Earth arrives at B, which is on September 
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the a 3d, the axb of the Esulh always keeping in the iaine 
pofitioa, the days wilt be equal to the nights ; for the illu* 
minated parts pf the Earth will extend exactly from the 
porth to the fouth poles ; and therefore, in the paflage of the 
Earth froni A to B, the length of the days will gradually 
decreafe in the northern latitudes, but increafe in the fouth^ 
em latitudes. 

Fig. I. MiTcury is the fmnlleil of all the primaiy planets, 
and nearefl the Sun; performing his revolution in a lefs 
fpace of time than any of the reft, round the Sun, and with 
a very rapid motion. This occafioned the Greeks to give it 
its prefcnt name and chara£ter| palling it, as before qbferved| 
the meflenger of the gods. 

The ipean diftance oi this planet from the Sun, compared 
with that of the Earth from the Sun, is as 387 to 1000 ; 
therefore, his diftance from the Sun is about 37,000,000 
ixiil^s, or little more than one third of the Earth's diftance 
from the Sun. Hence, the diameter of the Sun, feen from 
Mercury, will appear near three times as large as when feen 
from the Earth \ confequently, that planet receives about 
feven times as much heat and light from the Sun, as this 
Earth docs-rrrThis is a degree of heaf fu^icient to make 
water boil. 

The diameter of Mercury ii not one third of that of the 
Earth, or about 2600 miles; therefore, its forface is nearly 
pne ninth, and its folidity one twenty-feventb of that of the 
l&arth. 

The orbit of Mercury is inclined to the plane of the eclip? 
tip, or Earth's orbit^ in an angle of 6 degrees 54 minutes. 
He performs one fntire revolution round the Sun in the 
fpace of 87 days 23 hours 1 5^ minutes ; therefore, the fum- 
mers and winters in that planet cannot be rnore than 44 days 
each. His grcateft elongation from the S'ln, that is, the 
greateft di(lance that he is feen by us to depart from the Sui\| 
[s 28 degrees 20 minutes : the eccentricity of bis orbit i$ 
ope f^fth of his proportional mean diftance from the Sun, 

which 
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which is far greater than tl^at of any of the other planets | 
gnd the pace with which he moves in his orbit is at the ama* 
zing rate of about 95,000 miles in an hour. 

The place of his aphelion is 14 degrees 13 minutes of 
Sagittary ; the place of his afcending node is i ^ degrees 47 
minutes of Taurus, and confequently that of the defcending 
node, 15 degrees and 47 minutes of Scorpio. 

The length of his days, or rotation on his own axis, in- 
clination of his axis to his orbit^^gravrjty on his furface, den* 
fity and quantity of matter, are all unknown. 

Mercury is obferved to appear with various phafes, like 
the Moon ; varying according to his various portions with 
regard to the Earth and Sun ; therefore he never appears 
with a full hcc towards us, except when he is too ne^r the 
Sun to be diftin^ly feen ; for his enlightened face is always 
towards the Spn. From thefe obfervations it is plain, that 
Mercury, like all the other planets, is a dark opake body, 
having no light of his own, hut what he receives from the 
Sun; for, if he had, he woqld always appear completely 
round, 

The bed time to make an obfcrvation on this planet, is 
)¥hen it is feen on the Sun's difk, called its tranHc ; at which 
time it paiTes before the Sun, and appears like a little round 
Mack fpot on the Sun's furface, eclipflng a fmall part thereof, 
and is only vifible through a telefcope. And as thefe tranfiti 
jcan happen only when the £arth and Mercury are both in 
the fame node of Mercury, (that is, on the 6th of November, 
and the 4th of May ;) and at which time Mercury muft alfo 
be in an inferior conjun6tion, it will follow, that at thefe 
times, when Mercury i$ in the inferior conjundtion with the 
Sun, he viU appear to pafs over the Sun's difk. 

But in all the other parts of his orbit, he will never make 
a tranlit over the Suq, though he may be in an inferior con* 
Junction, becauie he goes either above or below the fiace of 
the Sun. G^endi, in November i63i,.iirfl took an obfer- 
yation of this kind j and Mr. Whifton has given a lift of 
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kttnl trinfits of Mercury: viz. — November i2tb, at 3 
hours 44 minuteSy afternoon, in 1 782 ; May 4th, at 6 
hours 57 minutes, forenoon, 1786; November jth, 3 
houn $$ minutes, afternoon, 1789; and the Tth, 2 
hours 34 minutes, afternoon, 1799. 

F'emtSf the brightcft, and, to appearance^ the brgeft of 
all the planets, is the next inferior planet, and is diftin- 
guifhed from all the reft by her brightnefs, and white ap- 
pearance : her light is fo cenliderable, that in a dufky place 
ihe will often caufe an objeA to projeA a feolible fhadow ; 
and her brightnefs is fo great, as often to render her viisble 
in the day-time. 

As Venus moves round the Sun in an orbit within the 
Earth's orbit, like Mercury, (he can never be fecn in oppo- 
fition to the Sun, though fhe departs ^rther from him than 
Mercury does; her greateft diftance from the Sun being 
about 47 degrees 48 minutes, as feen ft-om the Earth. 

When (he is on the weft of the Sun, which happens from 
her inferior to her fuperior conjunction with him, ftie rifes 
in the morning before the Sun, and is then called the morning 
fiar; when ihe is to the eaft of the Sun, which is from her 
fuperior to her inferior conjunction, (he fets after the Sun in 
the evening, and is then called the evening fiar. 

The diameter of Venus is nearly equal to that of the 
Earth, being about 7687 miles ; her apparent mean diameter, 
feen from the Earth, is 58 feconds ; but her apparent dia- 
meter, feen from the Sun, or her horizontal parallax, is only 
30 feconds : her diftance from the Sun 68,000,000 miles ; 
her eccentricity y,^ of her diftance, or near 476,000 miles. 
The inclination of her orbit to the plane of the ecliptic h 
3 degrees 23 minutes ; the points of their interfeCtions, or 
nodes, are in 14 degrees of Gemini and Sagittary. The phce 
of her apheliop is 9 degrees 38 minutes of Aquarius. Her 
axis is inclined to her orbit in an angle of 75 degrees : her 
periodical courfe round the Sun is performed in 224 days 16 
hours 49 minutes. The diurnal rotation round ber axis b 

not 
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not certainly known : Caflini makes it 23 hours, but oc^bert 
make it much more. 

When Venus is oblerved through a good telefcope, (he is 
perceired to have various phaies and changes, like thoie of 
Che Moon; her illuminated parts being conllantly turned 
towards the Sun. 

Dn HerCcbel made many obfervations on this pbmeti 
between the ye^Mrs 1777 and X793« Tlie refults of his ob* 
fiervations are, that this planet has a revolution about its own 
axis, but the periodical time of which he was not ab)e to 
afoertain ; that the pofition of its axis cannot certainly be 
known ; that the planet's atmofphere is very confiderable : 
Che furfaoe of the pbinet he alio found to be diverfified with 
hUlB and vallies, and other inequalities. But the atmofphere 
of the planet appeared fo denfe, or fbme other obftru£Uon in 
the re^n of the planet prevented him, as he iays, from 
having a particuUr view of the mountains, though affilted 
by the heft inftruments. 

The tsanfiti of Venus happen but feldom. One of thefc 
tran£a was (een in England, in the year 1639, by Mr, Hor- 
rax and Mr. Crabtree: two more were feen in the hft 
century; the one, June the 6th, 1761 ; and the other in 
June 1 769. There will not happen another tiU the year 
1874. 

In all other refpeds^ Venus has the iame appearance to ua 
regularly every eight years; that is, her conjunAions, ekxu* 
gations, timet of rifing and felting, being very nearly the 
fame^ and on the &me days. 

Some aftronomers have difcovered, or imagined they have 
difcovered, a iatellite bekuiging to Venus : of this number 
was Caffini, who, with a telcfcope of 34 feet, in the years 
167a and 1686, thought he £iw a iatellite move round this 
planet, at the diftance of about three fifths of Venus*s 
ciiameters. And Mr. Short, in 1740, with a refle£tor of x6^ 
inches focus, perceived a finall liar near Venus : and with 
another tdtfcope of the lame focus, and magnifying to the 
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6och poMFcr, he found its diflance from Venus about la 
minutes; and with a glafs magnifying to the 240th power, 
he obfenred the different phafn of this farrllite; and its 
diameter appeared to be near one third of that of Venus. 
And feveral other acute obfervers have in)agined they dif- 
covered the fame thing. 

The Earthy the next primary planet in ordei from the 
Sun, is'our habitation. It performs its reirolution round 
the Sun, at the difhince of 95,000,000 miles. Like all the 
other primary planets, tt has both a diurnal and annual 
motion >— its diurnal motion is that by which it turns round 
its own axis in the fpace of 94 hours nearly, from well to 
cad, and thereby cauiing the continual fucceflion of day and 
ni^t Its annual motion is that by which it is carried 
round the Sun in its own orbit, and between the orbits of 
Venus and Mars, having the orbits of Venus and Mercury 
within its. own orMt, or between it and the Sun, which is in 
the centre ; and thofe of Mars, Jupiter, Saturn, the Geor- 
gian, &c. without, or above it, .which are therefore called the 
fiiperior planets, and Mercury and V^nus the inferior ones. 
This annual motion is accompliflied in the fpace of a year; 
or 365 days 6 hours, or rather 365 days, 5 hours^ 48 minutesi 
48feconc)s: — this is called the tropical year.' But the time 
the Earth takes to perform its annual revolution, from any 
fixed ftar to the fame again, as feen from the Sun, is 365 
days, 6 hours, 9 minutes, i7feconds, wfaichisthe fidereal 
year. The figure of the Earth's orbit, as that of all the 
other planets, is elliptical ; the eccentricity of the orbit^ or 
diftance of the Sun in the focus from the centre of the orbit, 
IS about one fixtieth part of the mean diflance of the Earth 
from the centre. The Earth, as well as all the other pla- 
nets, performs its annual revolution according to the natural 
order of the (igns. 

By the diurnal rotation of the Earth on its axis the fame 

appearance is produced as if it were fixed, asd the fun and 
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iiars moved round them every 24 houn . For their turning 
round from yvefl to eaft, caufesthe Sun, and all the heavenly 
bodies, to appear to move the contrary way, or from eafl to 
weft, as is imagined to be the cafe by the vulgar and illite^ 
rate. Thus, when, by the rotation of the earth, the obfe^er 
is brought to that part where lie fees the Sun or a ftar juft 
riling above the horizon, in the eaft, they are faid to be 
riling ; and as the Earth continues to move, other ftars will 
appear to rife, and advance wellward ; and wh^n, by the 
motion of the Earth, the obferver is brought diredly undef 
the Sun or ftar, they are then faid to be on the meridian • 
after which, by, a continuance of the fame motion, the ob- 
ferver is brought to the eaftem fide of the Earth, when 
the Sun or ftar will appear to fet on the weftern lide 
thereof. 

The diameter of the Earth is 795 7I miles; though fome 
make it 7964 miles. ^ 

The Earth, throughout its annual orbit,' always keeps its 
axis parallel to itfelf in every part of its orbit ; thereby 
occalioning all the varieties of different feafons of the yeart 
and the different length of the days and nights, as feen ii\ 
fig, 3 ; the Sun enlightening more of the north polar parts, 
at one feafon of the year, and more of the fouthern parts 
at the opppfite feafon of the year ; thus producing the dif- 
ferent (legrees of heat in the different feafons; for in the 
fummer feafon the heat of the Sun is increafed by two caufes, 
viz. I. By the Sun*s r^ys being more vertical to thofe 
fituated in the north parts of the globe ; and, confequently, 
the heat is not diminilhed in palfing through ^o great a 
portion of the atmofphere, ak when the rays come mere 
oblique. And, 2dly, liaving the light, and confequently 
the heat of the Sun for a longer Ipace of time in the fummt^ 
than in the winter. All which will be evident from an in* 
fpedion of the figure. 

What b here aflerted^ cpncerniffg the Earth, hoi ^3 good 
yoL. n. £ g with 
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with regird to all the other planets, as each of them revolves 
about aa axis, which is not perpendicular to the plane of 
its orbit, but inclined thereto in a greater or lefs angle $ and 
which axb is always parallel to itielf in every part of the 
planet's orbit. 

The figure of the Earth, like that of all the other planets, 
b that of an oblate fpheroid, which Sir liaac Newton de- 
moi^ated to arife from the rotation of the £arth about 
its axis ; and by the obfervation and experiments of fetter 
afironomers, the polar diameter b to the equatorial diameter, 
as 178 to 179, as affirmed by that great genius. 

The abfolute gravity or denfity of the whole mafs of the 
Earth b to that of the water as 9 is to 2, and to common 
Itone as 9 is to 5. Thus, we difcover the very confiderable 
mean denfity of the Earth, which is almoft double to that 
of common ftone ; from whence it may be prefumed, that 
the internal parts of the Earth contain great quantities of 
metals. 

Having the denfity of the Earth, its quantity of matter n 
cafily found ; being always equal to the produd of its den- 
fity multiplied by its magnitude. 

The Earth is, moreover, every where furrounded by an 
atmofphere, which b that large quantity of fluid matter 
extending over the whole furface of the Earth, confiding of 
air, aqueous and other vapours, elcAric fluid, &c. which 
furround the Earth to a confiderable height, and partake of 
all its morions, both annual and diur^ial. 

The atmofphere ferves for innumerable purpoies, and is 
even eOential to both aninuil ^nd vegetable life ; it is this, 
infinuaiing itfrlf into all the vacuities of bodies, which caufes 
thofe mutations of generation, corruption, difTolution, &c- 

This atmofphere, like all other matter, has the properties 
of weight and prcfTure, the quantity of which b now pretty 
well known, and is found by the barometer to be equal to 
an equal column of quickfilver, of 30 inches high ; theft- 
iire» btcaufe a cubical inch of quickfilver b found to weigh 

nor 
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near half a poaod aToirdupoia, a cohtmo of qukkfilver of 
!• inches in height, wbafe bafe u one fquare inch, will 
weigh near 15 pounds; from whence ic follows, that the 
weight of the atmofphere on every iqnare inch of furface on 
the hee of the Earth b alfo i j ponnds. Thus it appears, 
that the preflure upon the human body moft be very con- 
fiderable; for, as every fquare inch of furface fuibuns a 
prefTure of 1 5 pound% every fquare foot will fufbdn 1 44 
times as much, or 2 160 pounds. 

The atmofphere has been proved, by hte experiments, to 
become more rare, and of Icfs denfity, the fisirther we re- 
move from the Earth, and that in the following proportion : 
«-At .the height of three miles and a half from the Earth, 
the denfity of the atmofphere is nearly two times rarer than 
at the furface of the Earth : at the height of feven miles, 
four times rarer; at the height of 14 miles, 16 times rarer; 
at the height of 21 miles, 64 times rarer; at the height of 
a8 miles, 256 times rarer; and at the height of 35 miles, 
1024 times rarer, &c. 

Mars is the firfl of the four fuperiior phnets, and pUced 
immediately next above the Earth, including the orbits of 
ihe Earth, Venus, arid Mercury, within that of his. 

The mean difiance of Mars from the Sun is 1 523 of thofe 

parts of which the diftance of the Earth from the Sun is 

1000, or upwards of 144,0001000 miles: his eccentricity 

14a of thofe parts of which the Earth is difbnt from the 

Sun 1000: his mean diameter is 4189 miles. The length 

of his ytsTj or the period of his completing one revolu* 

don round the Sun, is 686J-} days. Ws revolution round 

his own axis is performed in 24 hours 39 minutes and 22 

fecoads. His mtan diameter, feen from the Sun, is 1 1 fe* 

conds. The inclination of hb axis to his orbit b nothing, 

his axb being perpendicular. The inclination of hb orbit 

to the tdiptic b i degree 51 minutes; the pUure of hb 

•phtttoo a degrees 6 minutes 15 feconds of Vurgor his 

•fcendinf node is 17 degrees 59 minutes of Taunis, 

M $ % Dr* 
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Dr. Herfchel has made many obfervations on the rotation 
of this planet about its axis, from whiqh he inferred that ' 
the mean diurnal rotation was between 24, hours 39 minutes 
5 feconds, and 24 hours 39 minutes aa feconds. He alfo 
obfinired feveral fmall remarkably bright fpots, near both 
the poleS) which had a fort of motion. He alfo concludes 
that the inclination of his axis to the ecliptic is {9 degrees 
12 minutes ; and the node of the axis to be in 17 degrees 
47 minutes of Pifces ; the obliquity of the planet's ecliptic 
18 degrees 42 minutes, and the point Aries on Mars* eclip« 
tic to aiifwer to our 19 degrees 28 minutes of Sagiitary* 

The figure of Mars is that of an oblate fpheroid,' like the 
Earthy having his equatorial diameter to the polar «ie, as 
13^5 to 1272, or nearly as 16 to 15* 

This planet alfo has a confiderable, but moderate at- 
mofphere : fo that its inhabitants probably are, in their na- 
ture, (imilar to the inhabitants of this earth. 

Mars always appears with a ruddy, difturbed light, occa^ 
(ioned by the nature of his atmofphere. 

When he is in oppofition to' the Sun, that is, when the 
Earth comes between the Sun and him, he is nearly five 
times nearer to us than when in conjunction with the Sun, 
or when the Sun is between him and us; and confequently, 
in the former cafe, he appears near Bvc times more large 
and bright than in the latter cafe. 

As he receives his light from the Sun, like the other 
planets, he mud neceflarily have an increafe and decreafe 
apparently, like the Moon ; he may alfo be obferved fome- 
times almoft bifefied, when in the quadratures ; but he is 
aiever feen comicular, as the inferior planets are; which 
ihows that his orbit includes that of the Earth, and that hf 
(bines with a borrowed light. 

Between the orbits of Mars and Jupiter there have lately 
been difcovered two new planets t viz. one named the PalUu^ 
difcovered March 23, 1802 : its eccentricity is greater than 
that of Mercury : the inclination of its orlnt to the ecliprie 
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33 degreci 39 minutes: its periodical revolution four years 
five months, and real dian)eter 95 miles. And the Ceres de 
Ftrdmand^ diicovered by Mr. Piazzi, at Palermo, in Sicily, 
oa January ift, 1801: it is not apparently larger than a 
fixed fiar of the eighth magnitude ; its elements, according 
to M . Gaufs, are all follow : — inclination of its orbit to the 
ecliptic 10 degrees 36 minutes 57 feconds, afcending node 
«• ai*, aphelion io» a^** a/ 38'', eccentricity of the orbit 
.08a parts of its mean diftance, periodical revolution 1659 
days { hours nearly ; and real diameter, according to Dr. 
Herichel, 16a miles. 

Jmpiter is the next fuperior 'planet, and the largeft of 'all 
the planets in the folar fyfiem ; in brightnefs, he is next 
to the planet Venus : his orbit is fituated between thofe of 
Mars and Saturn. His diameter is above 1 1 times that of 
the Earth; confequently his magnitude exceeds the mag* 
nitude of the Earth above 1300 times. His annual revo- 
lution round the Sun is performed in 4.33a days 8 hours 
51 minutes 30 (econds, or nearly la years. His diurnal 
revolution about his own axis, he performs in the fliort 
fpace of 9 hours 56 minutes, by which motion every part oa 
his equator is carried round at the rate of a6,ooo miles 
in an hour, being about a 5 times failer than the equatorial 
parts of the Earth move. 

The axis of Jupiter is nearly perpendicular to the plane 
of his orbit ; therefore he has no fenfible change of feafoni^ 
except very near the poles. ^ This is wifely ordered by Pro- 
vidence. For if his axis made any confiderable angle with 
the perpendicular of his orbit, juft fo many degrees as it was 
inclined thereto would be near fix years in darknefs round 
each of their poles, in their turn. 

The Qrbit of Jupiter is inclined to the ecliptic in an angle 
of I degree 19 minutes 15 feconds : the place of hU aphelion 
is 10 degrees j; minutes 3d feconds of Libra: the place of 
his afcending node is 9 degrees 50 minutes of Cancer, and 
#f hit defcciiding node 8 degrees 50 minutes of Capricorn, 
a The 
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The eceentricitf of his orbit it one twentieth pttt of bh 
nean dilhince from the $un. 

There are feverai fsint fliining fubfhinces which fiirroDnd 
Jupitcff of different dimenfionSy called his zones or belts^ 
which are conftantly changing their iize and fituations, and 
are* therefore, generally believed to be cloads. They have 
focnetimes appeared of different breadths, at other times of 
the iiime breadth. Large fpots have alfo been obferved in 
tbfie belts; and whenever a belt vanifhes, as b often the cafe^ 
the fpots contiguous to it have alfo vaoifhed. Thefe belts 
have fometimes been interrupted and broken, and the broken 
eods of fuch belts have often been obferved to levoNe 
found the planet in the fame time wHh the fpots. The 
fyoU have alfo alTumed different appearances ; fome of tbem 
changing their fhape from a circular to an oblong fbmi^ 
others uniting together in one, and fometimes one large one 
dividing into two or three. 

The diflference between the equatorial and polar di am ete r s 
df Jupiter is upwards of 6000 miles, the former being to 
the Utter as 13 10 12. 

Jupiter is attended by four moons, or fatellites, fome of 
tbem larger than our earth, which perform tlieir rcfpedive 
i^evolutions rodnd Jupiter in different periods of tinae ; fo 
that there is fcarceiy any part of this great planet but what 
is enlightened by one or more of thefe moons during the 
^hole night. The periods, difbnces in femidiameters of 
Jupiter, and the angles of the orbits of thefe moons, fern 
from the £arth, are as follow i 



Moons. 


Periods round 
Jupiter. 


DifUnces in 

Semidiamecert 

of Jupiter. 


Angki of the 
Orbiu. 


I 
2 

3 


D. H. M. 

I 18 27 

3 13 13 

7 3 4a 

16 18 32 


si 


3' ss" 

6 14 

9 S8 
17 30 1 
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The three oeareft moons of Japiter fail withia his fliadow, 
and are eclipfed once in every revolution ; biit the orbit of 
die fourth iatdlite is fo much inclinedy that it pafles the 
Ihadow of Jupiter without falling into it two yaars in every 
fix. 

Satitm h the next prioaary planet, and the outermoft 
from the Sun, except the Georgian. He (hines with a feeble 
light, on account of his great diilance from the Sun, which 
is alfo appaiiently increafed by his great diffaince from us. 
This planet has attmfked the moft attention of ail the 
primary planets, on account of his wonderful ring. Tht^ 
ring, or rather a double ring, one within the other, fur* 
rounds the body of Saturn, at a diftance equal to the 
diameter of the planet. Beyond the ring, (even moons, 
perform their refpe^ve revolutions round Saturn. The 
rings and the nK)ons are all in the fame pbme^ and are all 
dark denfe bodies, and therefore cafl their ihadows upon 
each other. 

The phenomena of the rings have engaged the attention of 
all the aflronomers, iince their difcovery ; fome contending 
it was one entire ring, others dividing it into two or more ; 
but the obijervations of Dr. Herfchel have been more fatif^ 
h€tory on this head than thofe of his predeceilbrs : he di« 
vides them into two rings, one within the other: their 
dimenfions and fpaces, he (htes in the following proportion 
to each other ;•— * ^ 

MiUt. 
Infide diameter of fmaUer ring 146,345 
Outfide diameter of ditto 184,393 

Inner diameter of larger ring 190,248 
Outfide diameter of ditto 204,883 

Breadth of^ the inner ring 20/xx> 

Breadth of the outer ring 7,200 

Breadth of the vacant fpace ^fi3() 

This 
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This ring revolves in its own plane in lo hours 32'ou« 
nutes ijteconds. 

From the above ftatement it appears, that the outfide 
diameter of the brger ring is almoft a6 times the cUa- 
meter of tlie Earth. This ring is inclined to the plane 
of the ecliptic in an angle of 30 degrees. When we fee 
the ring moft open, its (hadow upon the planet is broadeft ; 
and Arom that time the fliadow grows narrower as the ring 
appears to do to u% until, by the annual motion of Saturn, 
the Sun comes to the plane of the ring, or even with its 
edge; which, being then direSed towards us, becomes 
invifible. 

Saturn is found to have certain zones or belts, fomewhat 
like thofe of Jupiter. Dr. HerfcHel has difcov^red and de- 
monftrated that Saturn has a denfe atnK>fphere; that he 
has i revolution about his axis; that his axis is perpen- 
dicular to the plane of his rings ; that hh figure, like thaf 
of the other planets, is that of an oblate fpheroid, the polar 
diameter being to the equatorial as 10 to 11; that his rings 
have a revolution in their own plane, thrir axis being the 
fame as that of Saturn. 

The annual period of Saturn about the Sun b near 50 
years, or 10,761 days 14 hours 36 minutes 45 feconds; hb 
diameter is about 79,043 miles, being near ten times that of 
the Earth ; his difiance from the Sun is about 9^ times that 
of the Earth. 

From his great diibince from the Sun, fome have iongined 
that the portion of light and heat derived from the Sun 
is not fuffici^nt for animal life. But that they have % 
greater portion of light, and confequently heat, than b a^ 
firft imagined, is evident from the brightnefs of thb planet 
and its fatellites, in the night-time. Alfo, as the Sun*s 
light to us is 4$,ooo times as great as that of the full moon, 
the Sun will afford joo times as much li^ht to Saturn, as 

the 



OF ASTBONOMT. 



217 



the full moon does to lus; and 1600 Ho^es as much to Ju«> 
piter. Thus, thefe two planets, without aoy moons tp en- 
h'ghten them, would receive more light from the Sun than 
might be at firft imagined ; their number of fatellitcs, thp 
fing^ of Saturn, and the nature of their atmofpheres, may 
alfo have ~ a coniiderable effetfV in increafiug their light and 
heat. For we find that, in our e^rth, tb^ different degree^ 
of heat do not entirely depend on the nys of the Sun. Th^ 
inhabitants alfo of thofe planets are, no doubt, adapted to 
their fituationa. 

Saturn has feven fatellites, or moons, performing the(r 
Involutions round him id their refpe^ve periods, as fbU 
lows: 



Satel- 
lites. 


Periods. 


Difiances in 

Semidiamet. 

of Saturn. 


Diftances in 
Miles. 
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The four firft of thefe fatellites defcribe elHpfes, Kke 
thofe of the rings, and are alfo in the fame plane. Their* 
inclination to the ecliptic is from 30 to 3 1 degrees. The 
fifth f^ellite defcribes an orbit which is inclined from 17 to 
i3 degrees to the orlnt of Saturn $ the phoe of the orbit of 
this iatellitr lies between the{>laiie of the ecliptic and tht 
planet cf the orbits of the other fatellites. Dr. Herfchel' 
difcovered that this fatellite turns once round its own axis* 
10 the time that it makes one revolutioa about the planet' 
Saturn ; in which refpedt it refembles our moon. 

The Gnrgium Si/ius^ atiHtrfchii^ Is the noQft didant of %VL 
tbr primary planets .from the Sun; its apparent diameter ia 
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about four feconds. Ic is but fcldom he caa be feen by the 
jfiiked eye; but, having his (ituaJtiony he maybe plainly feea 
with |i good telefoope, in a clear night. 

This planet is twice the c^iftance from the Sun that Satimi 
it, and is nearly 83 years performing his annual courfe. It 
is 90 times as large as the Earfh. The degree of cold in 
thb planet is fuppofed to l)c extreme, as it is computed that 
the light of the Sun is not above the joeth part of what wa 
/enjoy on our earth. 

This planet is attended by Gx fatelUtes, whicli per^aroi 
Itheir rtyolutiQns round h^tii as follows ; 
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The orbits of thefe fatellites are nearly perpendicular to 
the plane of the ecliptic; and by the beft obfervations that 
hattf lipen a(iad(B» it is probable that their magnitudes are 
ffod to. if not greater tlian, that of Jupiter. ThemoHon 
of thefe fix iatel{it^ is rptfograde, or contrary to the order 
of the fignt. 

Tbefc are the primary pUineti whipH conftitqte the folar 
fyftem, each of them mpviogi in bis own proper orbiti 
round the Sun, as the common centre. The Sun^ tberrfore^ 
pan hardly be confidered as $ planet, though mpkoned ai 
Aich by the ancient ailronomers ; but it may rather be 
ipanked as a fixed Aar. He has, in cwery refped, th^ fiunne 
pppprties, U^^ 9 (m^ looBiMua ^fj impartiB^ Hgit 
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»od beat to all the planets, both primary and fecondarfi 
found in bis fyftcm. Th^ reafon be appears brigbter an4 
larger tban any of the fixed fiars, is bis neameb to thi 
Eartby in comparifoQ. witb the gitat difiaxice of the former* 
For a fpc^tor, placed as near to any fixed ftar i(s we ari 
to the Earth, would fee that ftar, in every ^refpe^ as largt 
and as bright as the Sun appears to us ; and an obferver, ai 
lar diftaat from the Sun as we are from the neareft fixed ftafi 
Would fee the Sun as fmall as the ibr apptars to ut, wad 
would reckon it as one of the fiars. 

Though the Sun is faid to be a fixed body, yet he has a 
revolution round his own axis, which he performs in thf 
courfeof 27 days is hours and ao minute^ which b fouod| 
by an obfervation of the feveral fpots to be feen on tbdi 
Sun's di(k, which pafs from the wefiern edge of his diik ta 
the eaftem edge thereof, in the fpace of Iris than 14 days*' 
And thefe fpots are found to perform one entire revoIutSoa 
round the Sun in the^fpace of 217 days 1% hours and 20 
' minutes ; therefore we reafonably fuppofe, that this is thi 
Sun's proper motion from weft to eaft, liko that of all tb4 
planets. 

, Fbilofophers have been greatly divided in opinion concern* 
ing the matter of the Sun ; fome contending it was a ball of 
fire, from the property of the Sun's rays aAing like fire, 
when collected by concave mirrors or convex lenffs ; otheni^ 
as Boerhaave, maintain the contrary ; the particulars of whicb 
arguments I have not room to initrt ; but the following prQ« 
perto of the Sun are demondrated by Sir Ifaac Newton :««%^ 
T. That the denfity of the Sun's heat and light is fevea 
dmes as great on the pbnet Mercury as it is witb us.<^-*. 
a* That the quantity of matter in the Suq is to that in Ju«^ 
piter nearly j)s x 100 is to i ; and that the diftance ,of that, 
planet from the Sun is in the lame ratio to tbe Sun's koA^ 
diameter.--^3. ThattlW quantity of m^t^eri^ the Sun is ta' 
ttif^m Saturaas 2360 to t ; and the dii|ancc0f Situro from 

t r a tfat 
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tfae Sun is in a ratio but little lefs than tiiat of the Siin's 
femidiamcter. And hence the common centre of gravity of 
the Sun and Jupiter is nearly in the fuperficies of the Sun; 
knd that of the Sun and Saturn a Kttle withia it.— 4. Htnct 
the common centre of gravity of all the planets cannot btf 
more than the length of the folar diameter diilant from 
the centre of the Sun. This common centre of gravity ^ 
is always at reft; and though the Sun, by the various 
portions of the planets, may be moved every way ; yet it 
cannot recede far from this common centre. — 5. The axis 
of the Sun is inclined to the ecliptic in an angle of 8/ 
degrees 30 minutes nearly. The Spin's appiAmt diameter 
being fenfibly larger in December than id June, the Suti 
mnfl be proportionably nearer to the Earth in winter thait 
in fummer. In winter, the Earth will be in the perihelion ; 
In the fummer, in the aphelion. This is demonihated by 
the Earth's mgtion being quicker in December than in 
Jun^, by about a fifteenth part: for the Earth and every 
planet defcribe equal areas in equal times; thus, when it 
moves fwifter, it muft be nearer the Sun. From this we 
find that we have about eight days more in real time from 
the Sun*s .vernal equinox to the autumnal, than from the 
autumnal to the vemal.»-6. The Sun's-diametqc is equal to 
100 diameters of the Earth ; therefore, the body of the Sun 
is t, 000,000, times greater than that of the Earth. — 7. The 
apparent mean diameter of the Sun is 32 minutes 12 fe- 
donds. The Sun's horizontal parallax is now fixed at eight 
iixonds, five twentieths of a fecond. — 8. If 360 degrees (the 
whole ecliptic) be divided by the quantity of time in the 
iblar year, it will give 59 minutes 8 feconds, &c. which is 
the mean quantity of the Sun's diurnal motion. And if 
thefe 59 minutes 8 feconds be divided by 24, the number 
of hours in a day, the quotient is '% minutes 28 feoon^ 
which is the Sun's modon in one hour ; and whicii^ diinded 
by 60^ will pvt his motioB in one minute^ &c. By diis 
5 - • ' method^' 
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method, the tables of the Suii's mean motion are cox\* 
ilruaed. 

Though the planets above defcribed perform their periods 
round the Sun, or rather round the centre of gravity, yet 
many of the planets feen from the Earth will appear to move 
in a contrary motion to the order of the ligns ; particularly 
the inferior planets; and fometimes they may appear ffa^ 
dbnary, or net to move at all, for feveral nights together. 
But thefe appearances are nothing but optical deceptions^ 
ariiing partly from the motions of the planets, and partly 
ham the motion of the Earth on which we are placed ; for 
we always judge a phnet to be in that part of the ecliptic 
which is on the oppofite fide of the planet to us ; this h 
called its Geocentric Longitude : but the part of the ecliptic 
in which the planet is feen by an obferver fuppofed to be 
placed in the Sun, i^ called the Heliocentric Longitude. 
And the longitude o any planet or (lar is an arch of the 
.ecliptic, counted from the beginning of Aries to the place 
where the ecliptic is cut by a circle perpendicular to th6 
•cliptic, and pafling through the ftar or planet. 



SECT. II. 



OF THE SBCONDAAT PLANETS. 



Thb fecondary planets, or fctellites, are certain planets 
which perform a revolution round any other planet, as x\\fi 
Moon docs round the Earth, They arc called iattllitcs,' 

* bccaiifc 
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bccaufe they are always found attending their prinnary pla« 
acts and making the tpur about the Sun together with thenk 

Tbete are but four primary planets that are certainly 
faio^n to hare Satellites; viz. the Eartli, Jupiter, Saturn^ 
lod the Georglum Sidus; though fome have imagMiecl thq^ 
bare difcovered fatellites attending ibnne of the other planets^ 
as hath been hinted in the laft fedion ; but thefe obfenrai^ 
dons have not been fufficiently confirmed. 

The £arth is attended by one (atellite, called the Moon^ 
'•nd marked ([• She performs her revolution round the 
Earth in an elliptic orbit, the mean eccentririt)* of which ia 
one eighteenth part nearly of her na^n diftance from tho 
£arth| or about 1 3,000 miles ; her mean diftance from the 
Earth being 6o| femidiameters of tlie E^h; or about 
940,000 mites. 

The mean time of one revolution of the Moon about the 
Earth, or from one New Moon to another, when (he over«« 
takes the Snn again, is 29 days la hours 44 minutes 3 fe- 
conds 1 1 thirds. But the mean time in which (he mows 
once round her whole orbit is 27 days 7 hours 43 minutes 
8 ieconds, which is at the rate of about 2290 miles in an 
hour* For the Moon has completed one revolution about 
the Earth before (he comes again in eonjun^on with the 
Sun ; becaufe, while the Moon is performing her revolution, 
the Eanh has advanced about a 13th part of the ediptic 
iorward. 

The Moon turns once round her own axis exa6tlv iu the 
time that (he goes round the Earth. This is the reafon the 
lame fide of the Moon is always turned towards the Earth; 
andj^y and night in the Moon, uken together, are jufl as 
long ^ a lunar month. 

The diameter of the Moon is to that of tbt &utl^ as 
ao to 73 ; therefore it is equal to 2180 miles. The (urbm- 
of tl>e Moon is to that of the Earth as 3 is to 40, pr 41 
^ to lil nearly i therefore, the Earth reflefts 13 times 

ai 
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ILS much light upon the Moon, as (he does upon the Eanbi 
ivben ihe is at her fulL The folid content of the Moo« 
b to that of the Earth as 3 is to 146: the denfity of the 
Moon*s body is to that of the Earth a» ; is to 4; there- 
fare, her quantity of matter is to that of the Earth as z Jin 
to 39 nearly. The force of gravity oa her fiir&ce it 6^ 
Jthat on the Earth as 100 is to 393. The axis of the Mooa 
is almolt perpendicular to the plane of the edipdc ; thcK- 
fore, (he has little or no difference of feafons. The mean 
apparent diameter of the Moon, is 31 minutes i6j fecondi* ^ 

The various phafes and appearances of the Moor have 
puzzled all the aftronomers of' antiquity. Her waning? ai)4 
increafings, her various pofitions with regard to the Eaitfa^ 
and her frequent eclipfes, were matters of confiant adaiij»» 
lion. The nioon being a dark fpherical body, and ihinii^ 
only with the borrowed light of the Sun, can only have one 
faalf of her body illuminated at the fame time, the oppofit^ 
half remaining in its native darkncfs; therefore, aa th^ 
Moon performs a revolution round the Earth, Ihe . will 
fometimes turn the whole of her illuminated face towards 
ihe Earth ; at which time (he appears perfectly round, and 
is a full moon: at other times only a certain portion <tf 
her illuminated ^ce will be turned towards the Earth ; (he 
will then appear either horned^ half round, or gibbous, 
according to the quantity of her illuminated part which is 
feen by us. 

To illuftratc this, letABCDEFGH reprefcnt the 
orbit of the Moon, (fi^, 9, pUte 1 7.) Now, when ^thc 
Moon is at A, in conjunAion with the Sun, her dark fide 
will be turned towards the Earth, and therefore (he will 
t)e invifible, as at a^ which is then called the New Moon^ 
When fhe arrives at B, or has run through one eighth part 
of her orbit, one quarter of her illuminated face will be 
jtumed towards the Earth ; fhe will then appear homed, as 
at ^ Wbea (he arrives at C, one half of her illuminated 
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fice is turned towards the Earth, as at r, when flic is 
did to be in her quadrature. When flie arrives at D, 
which is called her fecond octant, three parts of her illu* 
miriated face will be turned towards the Earth, and flie will 
^>pear gibbous, as at d. When fhe arrives at E, the whole 
of her illuminated fece is turned towards the Earth, and flic 
appeiri quite round, as at r, u'lien flie i^ faid to be a full 
Mood. As flie proceeds throuj^h the other half of her orbit 
ihe decreafes again from € to «, and nearly in the fame 
ratio as flic iucreafed in the former half of her orbit. 
And the Earth has all the fame appearances to an obfcrvcr 
bi the Moon, as the Moon has to us, but in a contrary 
order: viz. the Earth being at the full to them, when the 
Moon changes to us, and vice verfa ; as is evident from a 
¥le# of the figure. 

The motions of the Moon are all very irregular ; the only 
equable motion fiie has, is the rotation on her own axis in 
the fpace of a month, being the time in which flic moves 
round the Earth ; which is the reafop that fbc alw^iys expofes 
the fame face towards the Earth. 

The orbit of the Moon is very changeable, and does not 
lon^ prefervc the fame figure ; for though the orbit of the 
Moon be an ellipfe, having the Earth in one of her foci 
thereof; yet the eccentricity is fometimes greater than at 
other times. 

The plane of the Moon*s orbit is inclined to that of the 
ecliptic, in an angle of five degrees. 

The &ce of the Moon has the appearance, when viewed 
through a telefcope, of being diverfified with hills and val* 
lies ; this is alfo proved to be the cafe, from the edge or 
border of the Moon appearing jagged, efpecially about the 
line which feparates the illuminated part of the Moon from 
the dark fide thereof. The fpots alfo of the Moon, which 
are taken for mountains, are found to cafl a tri^mgujar 
fludow io the direAion oppofite to the Sun; and tboic 
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parts which are taken for vallies or cavities are always dark 
on that (ide next the Sun, and illuminated on the oppofite 
fide ; which is agreeable to experience. Sometimes the tops 
of the mountains are feen illuminated by the Sun, while 
their bafes are in the dark fide of the Moon ; and by thefe 
means we have a good method of taking the height of the 
lunar mountains. 

Thus, let ED (fi^. 14) be the Moo^'s diameter, ECD 
the line dividing the dark from the illuminated part of the 
Moon ; and A the top of a hill in the dark parr, jr. ft begin- 
ning to-be illuminated : with a telefcope, take the proportion 
of A £ to the diameter £ D, then there are given the two 
fides A £, EC, of the right-angled triangle A £ C ; the 
fquares of the two fides of the right-angled triangle being 
added together give the fquare of the hypothenufe A C, 
from the fquare root of which, fubtra^ting 6 C, the radius, 
there remains A B, the height of the mountain. 

From late obfervations. Dr. Herfchcl has difcovered that 
very few of the lunar mountains exceed lialf a mile in per« 
pendicular hdght. The fame gentleman has alfo obferved 
three volcanoes in the Moon, which he thus defcribes» 
** I perceived (April 19th, 10 hours 36 minotes, fidereal 
time) three volcanoes in different parts of the dark part of 
the New M6on: two of them are either already nearly 
extin^ or otherwife in a (late of going to break out; 
which, perhaps, may be decided next lunation : the third 
fhows an a^ual eruption of fire, or luminous matter ; its 
light is much brighter than the nucleus of the comet 
which Mr. Mechain diicovered at Paris the loth of this 
month.*' The following night he difcovered it burn more 
violently ; and by meafuring, he found the fhining or burn* 
ing matter to be more than three miles in diameter. The 
a^ual fire or eruption of a volcano exactly refembled a 
fmall piece of burning charcoal, when it is covered by a very 
thin coat of white- ftihes; and it had a degree of brightnefs, 
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abont as ftrong ts that with which a coal would be (mq to 
glow in hint daylight. 

Tbefe are the chief phenomena obfenrable in the Moon. 
All the other (atellites are of a (iro'flar nature to thii ; but 
from their great diftance from the Earth, we are unable to 
be fa paiticuiar in our defcription of them. 

Thou^ it be afTcrted, that the Moon and the other 
fecondary- planets revolve round tbie primary planets as their 
centres, and the primary planets revolve round the Sun for 
their centre, yet it mufl be remembered, that tins aflertion 
is not the real mathematical truth. For the primary pla- 
nets do not regard the Sun as their exad centre; but each 
primary planet, and the Sun, revolve round their common 
centre of gravity: which common centre of gravity is 
tint point where the two bodies, or the Sun and planet, 
will equiponderate each other. Thus, the centre of gnvit^r 
in a common balance-beam, or fieelyard, h the point of 
fufpenfion. 

To difcover the common centre of gravity of two bodies 
is to find that point, whofe difbnce from the greater body is 
leis than its diflance from the ieaft body, in the fame pro* 
portion as the gravity of the le& body is left than that of 
the greater; and in two bodies of equal gravities, their 
common centre of gravity is equally diflant from their tw« 
centres. 



I 



B 1 ^1 

Thus, if B be a body four times as great in magnitude 
is the body 1, and both be fupppfed to be conneded by an 
inflexible wire B 1, the conunon centre of gravity of the 
two bodies will be at the point g, which is four times neaitr 
to B than to 1; or as Bg b to gl, fo is I to B. 

Therefore^ the common centre of gravity of tlie Eardi 
and Sun is nearer to the centie of the Sun than to tbit 

of 
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at the £arth, by as great a ratio as the quantity of matter in 
the Sun exceeds that in the Earthy which centre of gravity 
is in the body of the Suu. The common centre of gravity 
of Jupitpr and the Sun is alfo within the body of the San, 
though very near its fuperficies. 

The Sun is not a£ted upon by our Earth only, fo as to 
turn round the common centre of gravity of that and the 
£arth, without baring regard to the other planets; but 
there is a common centre of gravity between the Sun and 
each of the primary planets ; and each of tbefe pianets hat 
Its effe£i in cauiing the Sun to turn round their centres of 
gravity. 

As the centre of gravity of Jupiter and tiie Sun is the 
firthcft difiant from the Suu'b centre, owing to the gnat 
iize of Jupiter, and its diftance from the Sun, and as this . 
centre is within the body of the Suu, it follows that the Sun- 
is never removed above one of its own diameters out of its 
place. 

£ach of the fecondary planets, and its priinary planet aUb| 
turn round their common centre of gravity. 

The figures i, 2, 3, 4, 5, 6, 7, and 8, Ihow the true pro* 
portions of the planets Mercury, Venus, Mars, the Earth, 
Jupiter, Saturn, Georgium Sidusy and the Moon. 

Jupiter has four tatellites; the times of whofe periods 
and diftances have been noticed in the lail fe^on. Their 
periods were found from their conjun^ion with Jupiter, 
after the- fame manner as the periods of the primary |>lanets 
were difcovered. Their diihinces from the body of Jupitef 
are meafured by a micrometer, and computed in femidia- 
meters of Jupiter, and then reduced into miles. 

The fateihtes of Jupiter are of very great ufe in aftfo* 
nomy } for, by an obfervation of the eclipfes of theie iatel« 
lites, we derive three great advantages: — ifl, in deter- 
mining the diRance of Jupiter from the Earth ; idly, we 
find the progreifive motion of light : for by thefe eclipfes, 
it is evident that light does not come to us from Jupiter 
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in an inftant ; for if the motion of light were inlUntaneous, 
it is evident we ihouid fce.the commencement of the eclipfej 
of the iateliices at the fame moment they reilly happen^ 
)vhatever diftance they might be from us ; but, on the con- 
trary, if light have a progreffive motion, it is evident, the 
farther we are from a planet, the later we (liould be in feeing 
the beginning of its eclipfe; and fo it is found to happen : 
the lateilites of Jupiter appear to be eclipfed later than the 
true computed time, and always proportionally later, as 
the Earth is removed farther from the planet. When the 
£arth and Jupiter are neareft to each other, that is, when 
they are both in conjunction, on the fame (ide of the Sun, 
then the eclipfes of Jupiter's fatellites are feen to h^>pen 
fooner than when the Sun is dire^ly between Jupiter and 
the Earth ; in which laft cafe, the diftance of Jupiter from 
the Earth is greater than it is in tlie former cafe, by the 
whole diameter of the Earth's annual orbit, or by double the 
Earth's didance from the Sun ; in this laft cafe, we cannot 
Qbferve an eclipfe of Jupiter's fatellites, till near a quarter 
of an hour after the time we could have difcovered it in the 
former cafe, that is, when Jupiter was at his leait diftance 
from tlie Earth. From hence it follows, that the light is 
near a quarter of an hour in pa(fing through a fpace equal 
to the diameter of the Earth's orbit, or near eight minutes 
in palling from the Sun to the Earth ; which is at the rate 
pf about twelve million of miles iu a minute. 

But the third and greateil advantage derived from the ob- 
fervation of thcfe eclipfes, is the difcovery of the longitude of 
different places on the Eartli : fur having the difference of tin)e 
between two obfervations of the fame eclipfe, taken in two 
different places, we have the difference of longitude between 
the two places. For example, fuppofe there be two obfervers 
of an eclipfe, the one at London, the other at Barbadoes, 
the eclipfe will appear at the fam^ moment of real time Vk 
each perfon ; but being under different meridians, the hour 
i»f the day will be differenl at each place; thus, if it be la 
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•'clock at noon at London, it will be 8 o'clock in the morn- 
ing at Barbacioes, by which the obfcrvers find the difference 
of longitude between the two pbces to be fixty degrees, or 
iour hours in time. 

The planet Saturn has feven fatellites, the fixth and 
ieventh of which were difcovered by Dr.iHerfchel, in the 
years 1787 and 1788. Their periods, diibnces, &c have 
been defcribed in the lad feclion. 

The Georgian pbnet, or Herfchel, is alfo found to have 
fix fatellites revolving round him, like thofe of Jupiter and 
Saturn. » Thefe fatellites were difcovered by Dr. Herfchei^ 
for which fee the laft fedtion. 

Thefe are the only primary planets which we are certaia 
are attended by fatellites. Some aflronomers have imagined 
they difcovered a fatellite belonging to Venus ; but the many 
fepeated obfervations which liave been made by others to 
obferve it, and without effe^, leave us room to fufped they 
were deceived. 



SECT. III. 



PP 7UE FIXJED STARS. 



Tub fixed flars, generally denominated Jian by way of 
eminence, are thofe heavenly bodies which ufually keep the 
fame diilance with regard to each other. All the heavenly 
bodies, except the primary and iecondary planets and 
comets, are of this cla& 

The 
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Tbe difianccs of the fixed flars are fo grent, that we haTc 
no diftaoce in the planetary fyftem with which we can com- 
pare them ; for the diameter of the Earth's orbit, which is 
nearly ioo,ooo;ooo miles, bears no fenfible proportion to 
tbe diftance uf the oeareil fixed (lar from the Earth. 

The diflances of the fixed ilars have been the fubje^ of 
ioreiligation to fcveral adronomers. Various methods have 
been devifed for the purpofe of difcovering the diilances of 
thefe heavenly bodies, but without fuccefs, on account of 
their almoft infinite diftance ; the moil accurate obfervationt 
only gave us a diflant approximation ; but by the befl ob« 
iervations, however, we can fafely concUide that the neareft 
fixed ftar is upwards of forty thoufand diameters of the 
Earth's orbit diihnt from us, or eighty thoufand times far* 
ther diilant from us than the Sun is. 

The ma;i;nltudes of the fixed flats appear very different in 
different ilars. firing, in fome fort, to tlieir real magnitudes, 
which are ((iffcrtnt, but principally owing to their different 
diilances from us. 

The (lars are generally divided, according to their appa- 
rent magnitudes, into fix, and by fome into eight clafTes. 
The fird clafs, called ftnrs of the firft magnitude, are thofc 
that appear largefl: liars of the fecond magnitude appear 
fomcuhat lefb ; and thus every following clafs comprehends 
thofe flars next in fize to tiie former clafs : the flars of the 
fixth magniti.de containing the fnwilleft flars vifible to the 
naked eye. All others that cannot be perceived, but by the 
help of tclefcopes, arc called- telcfcopic ftars. It is not to be 
inferred from hence that Nature has divided the (lars into 
thofe claflTes ; for there are almofl as many cLifles as there are 
^ars, fo great is their variety of magnitude and brightnefs! 

The number of flars is alfo very great, and appears to 
be almoft infinite ; but aflronomers have deduced all that 
are vifible to the naked eye into catalogues. Mr. Flamflead 
reduced 3000 fbrs into a catalogue, which contains all that 
arc vifible to the naked eye at any time of the year, and a 
3 great 
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great number that are only viiible through a telefcope. Tht 
number of ilars that are vifible at one time, in the cleareft 
heaven, ieldom exceeds 1000; their appearing Co much more 
numerous arifes from their twinkling, aad froai viewing 
them confufedly, without reducing them into ahy order. 
But a good telefcope will, nevertbelefs, bring great numbers 
to our view : and the more the magnifying power of tlic 
telefcope is increafed, the greater will be the number of 
(brs difcovered ; till tlie number becomes fo great as to baffle 
our com])dtation. 

From the great diftance of the (lars, we are at a lofs to 
4iifcover many of their properties ; but from their pheno- 
mena we can with certainty deduce the following theorems 
concerning them : — i. That they are much greater than our 
Earth ; for, if that were not the cafe, they could not be vifible 
at fuch a diftance. — 2. Thev are farther difbnt than the mod 
diilant of the planets; for we often find them hidden behind 
ihe body of the planets. — And, 3. They (liinc with their own 
natural light; for though they be much farther from the 
Sun than Saturn is, and appear much fmaller to us, yet they 
ihine much brighter than that planet. And it is known, 
that the more the telefcope magnifies, the Icfs is tiie angle 
under which the (iar is^feen; becaufe the telefcope dedroys 
all the adventitious rays. Thus a telefcope magnifying 300 
times will fliow a (lar icfs in magnitude than it appears to 
the naked eye, infomuch, that it will appear to be only ao 
indivifibk point. 

I 

From hence we conclude, that the fixed (lars are fo many 
Suns ; and that, in all probability, they are not much fmaller 
Chan our Sun, but perhaps larger. 

Therefore, it is generally believed that every Ihr is the 
centre of a fyfiem, and has planets revolving round it in 
the fame manner as the Earth and the other primary planets 
revolve round the Sun ; fbr our Sun, together with the orbits 
of all the planets, would be almofl invifible from the neareft 
freed fiar. 

To 
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To imagine that the ftars arc formed only to afford us a% 
feint light, would be abfurd, as we have incomparably more 
light from the Moon than from all the fixed flars tikea 
together* 

The fixed (lars have two apparent motions ; one called 
the firft, common^ or diurnal motion ; the other called the 
lecond or proper motion. The former of thefe motions 
arifes from the Earth *s motion round its axis ; by which the 
fiars appear to be carried round the Earth, horn eaft to 
weft, in the i'lxice of 24 hours. The latter is that motion 
by which they appear to go backwards from weft to eaft 
round the poles of the ecliptic with a very flow motion, 
defcribing only one degree of a circle in the fpace of 7 1 } 
years. This apparent motion is owing to the f>receffion 
of the equinoxes ; or, in other words, the axis of the Earth is 
diret^^ed to different parts of the heavens every year, defcri- 
bing a circle, one degree of which it dcfcribes in 71^ years. 

Tlie Zodiac is an imaginary ring or zone in the heavens 
in the fpace of which all the primary planets revolve in their 
orbits: its breadth is made ditTcrcnt by different aftrono* 
mcrs, but is from eight to ten degrees on each fide the 
ecliptic ; and is divided into twelve parts, called the Twelve 
Signs of the Zodiac, and each fign is fubdivided into 30 
degrees; the degiejs are each again divided into minutes, 
ieconds, &c. But as the ftars have a motion from weft to 
eaft, thefe conftellations, or (igns of the Zodiac, do not 
now corrcfpond to their proprt figns ; for the vernal equinox 
formerly happened when the Sun was in the fir ft degree of 
Aries ^nd the Earth in the oppofite degree of the Zodiac, 
or Hrft dc>iree of Libra ; whereas now, the Sun has advanced 
a whole (igii trom that point at the vernal equinox. 

The twelve figns of the Zodiac are diftinguiflied by the 
following names and characters viz. V Aries^ ^ Tawms^ 
IT Uc/fiifi'-f 25 Can^er^ Si Leo^ W yvg9% >^ Lihra^ r\ Sar* 
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accordiog to the Engliih uame^ the Raiti^ Ih^ Bull^ lU^ 
Twins, the Crab, the Lton^ the Virgin, the Babmce,. tbt 
Scorpion, the Archer, the Goat, the WsMr^btaier, tqd the 
Fifhes. 

fiefides thefe confiellations id the Zodiac, the ftars la 
every other part of the Heaveos are reduced kito conAelfai* 
tkms of foipe certain figures, to which it ii fitppoifed each 
fet of ftars bears fome refemblaiice. It) the iMrtMnu he* 
mi4>bereare 2 1 confieilationS|. of which the foliowiog are the 
names : — the Little Bear, Great Bear, the Diagon, Ccpbeu^ 
^ootes, the Northern Crown, Hercules, the I^tfp,. theS'it^ao, 
Caffiopeia, Perfeus, Auriga Serpentary, the Serpeit, the 
Arrow, the &gle, the Dolphin, the Horfc, Pegafus,. Aiuln^ 
meda,. and the Triangle. In the fouthera hemi^ihcre are 
ij conftellations, viz* the Whale, Orion, the firidanoa, thh 
Hare, the Great Dog,^ the Uttle Dogi the Ship, the.Hydri^ 
the Cup, the Ravqo, the Centaur, the Wol^ tbe.AldKV ^ 
Southern Crown, and the Southern Fiih. 

This diviGon was introduced bj Ptolemy, and to thefe 
Bayer added la more, • i^>out xht fouthern pole, viz. the 
Peacock, the Tucan, the Crane, the Phoenix, the Dorado, 
the Flying Fifh, the Hydra, the Chamelion, the Bee, the 
Bird of Aradife, the Triangle, and the Indian. 

To thefe, Mr. Royer has added 1 1 other conficlladons, 
viz. the GirafTe, the River Jordan, the River Tigris, the 
Sceptre, and the Flower-de-Luce, being on the north. The 
following fix are on the fouth part, viz. the Dove, th^ 
Unicom, theCrofs, the Great Cloud, the Little Cloud, au4 
the Rhomboid. 

Hevelius alfo added the following new conftelbtioni, 
compofed of fome unformed ftars, viz. the Unicorn, the 
Camelopardalis, theSextant of Urania, the Dogs, the Little 
Lion, the Lynx, the Fox and Goofe, Sobieikl's Crowq» the 
Lizard, the Little Triangle, and the Cerberus, to^ which 
Gregory has added the Riug and the Armilhu 

VOL. fl. BR It 



aid. •^ Asnioivoinr. 



It muft, howcTcr, be rcrmirkcd, that fomc of tbefc con* 
fidlations introduced by Hevelius infwer to fome of thofe 
cf Royer i as the Caipelopardalis to the Giraffe^ the Dogt 
to the River Jordan, and tlie Fox to the River Tigris. The 
foregoing is the number of the confiellations as they (bnd 
tt prefent; buttn attempt has latrly been made by Dr. Hill^ 
to introduce fonrteen new ones; they are, however, not yet 
adopted by nathematicians. 

Befides the ftars in the foregoing conflelladons, there ane 
a great number of ftars not included in any confte]htioti| 
and therefore odled unfonned ftars. 

The Galaxy, or Milky Way, is that long, white, limu- 
nous trad which feems to encomjMfs the heavens, and is 
cafily feen iif a clear night, when the Moon is hot up. It 
)s of a confiderable breadth, and in (bme parts double. Its 
luminous appearance is owing to the great number of fmall 
flars with which it is every where befpangled, and which by 
a good tdefeopc may be plainly difcovered. 

Of CameU. 

A comet is a wandering.body, appearing fuddenly, and a^ 
fuddenly difappearing ; and moves in its own proper orbit. 
' like a planet. 

It is ufually furnllhed with a long tr^n of light, calle4 
its tail, which is always oppofite to the Sun. Comets are 
divided into three kinds; viz. bearded^ tailed^ aad kairj 
comets: which divifion arifes from the different fitiiatioq 
of the comet. Thus, when the comet is eaftward of the 
Sun, and moves from hjm, it is faid to be a bearc!ec( comet, 
becaufe the light precedes it in the manner of a beard : when 
thecomet.is weftward of the Sun, and fets after him, it i^ 
faid to be a tailed comet, becaufe the tr^in of light follows 
ft in the manner of a tail : and when the Sun and comet are 
{n oppofition to each other, the Earth bebe between them. 
\ the 
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the train of the comet is hid behind its body ; except the 
extremities of the train, which being broader than the bodjr 
of the comet, appear, as it were, round the edge* of it Hke 
a border of hur, from which it is called a hairy comet. * 

TJbe comets make a part of the folar fyfiem, and more in 
dBpticai orbits, having, the Sun in one of their fxi, and 
defcribe areas proportional to the times of their motions, 
like the planets. The reafon why they foinetimes appear 
▼ifible, and fometimes not, is the great ecccntridty of their 
orbits, w.h]ch is very confiderabie, for when they are in that 
part of the orbit moft remote from the Sun, they are nrach 
beyond the orbit of Jupiter ; and in their perihelion they 
frequently defcend within the orbit of Mars, and fometimes 
within thofe of the inferior pUnets. 



SECT. IV. 

OP ECLIPSES. 

An ecEpfe is the privation of the light of one of , the lu* 
minaries by the interpolition' of fome opake body, either 
between the luminary and the eye, or between it and the 

Sun. 
The dmratiom of an eclipfe is the time of its continuance. 
The immetfon^ or incidence of an edipie, b the moment 

f 

when the eclipfe begins ; or when part of the luminary firft 
bepns to be obfcured« 
The emerfimy or ei^fg^on of an ed^plci b the time 

R B ft when 
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when the cciipled lumiiiary begins to reappeir, or emerge 
otttoftbe Cbadoitr. 

The qnmiiiij of in cclipfef is the part of the luminaty 
eclipfed. To determine this qnaiitity, the diameter of the 
ecltpfed body is divided into la equal parts, called digits; 
and the ecKpfe is faid to be of (b many digits as are contained 
io that part of the diameter which is eclipfed, 

£di{^es aretitiier thofe xf[ the Sun, the Moon, or of fome 
of the fatelBte&i and are either teial^ partiaij anmmlar^ cem* 

A t9tal eclipfe, b when the whole body of the luminary 
is darkened. 
A partial eclipie, is when only a part of the lonunary 

is eclipfed. 

A rr;r/rtf/ eclipfe, is when the centres of the two lumina- 
ries and the Earth come in a flr.Jght line, and is always 
total. 

An annular eclipfe, is when the whole body is eclipfed, 
except a ring or annulus, which appears round the border 
or edge. 

An eclipfc of the Moon, is a privation of the light of 
the Moon, and occafioned by the body of the Earth being 
directly between the Sun and the Moon, and fo intercepting 
the Sun's rays, that they cannot arrive at the Moon; confe- 
quenrly the Moon pafTes through a part of the conical ihadow 
of the Earth, as fccn \nfig. 12, plate 17, where DEC repre* 
feuts the Earthy and D G F C the c(»nicai (hadow thereof, in 
which is the Moon in an edipfe. The dotted fpaces D G /, 
and F C r, (how thofe pans of the (li^dow called the pe» 
numhra^ in which the Moon is deprived only of part of the 
t>un's light. 

An eclipfe of the Sun, is an obfcuration of the Sun*s body, 
occafioned by the Moon's coming between the Earth and 
the Snn, and thus Intercepting the light of the Sun firom ui^ 
on which account fome have copfidered it an eclipfe of the 
Earth. 

' V The 
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The (blar eolipfe It reprefented fig. 1 1, where m rcptt^" 
felts the Moon, C Dthe Earth, and risv/ a the Moon's conical 
fiiadow, travelling over that part of the Earth C • D, and 
caufing a complete ecKpfe of the Sim to all the hibahitantt 
who reiide in the trad C D. The fpaces C r • and D i # 
inchide the penumbra, and all the inhabitants within thofe 
^NKres will perceive a faint fhadow of the edipfe. 

Hence, an eclipfe of the Moon can happen only at the 
time of the full Moon, or wh^ ihe is oppofite to the Son ; 
and an eclipfe of the Sun will take place only at the time of 
a new Moon, or when the Moon is between the Sun and 
Earth* 

From hence fome may imagine that there may be two 
eclipfes, viz. one of the Sun and another of the Moon, 
HI every lunation, which would really be the caie^ if the 
Moon moved in the iame plane with the ecliptic; but the 
€>rbit of the ,Moon not being in the plane of the ecHjXic, 
but incfined thereto in an angle of $ degrees 3 j minutes, 
and pafliog through the pUne of the ecliptic, it mud necef- 
(arily follow, -that an eclipfe can only take pUce when the 
Moon b near that part of its orbit which pailels through the 
plane of the ecliptic. Tbefe two oppofite points where 
the Moon'a orbit intercepts the ecliptic, are called its Nodes. 

That point where the Moon afceuds from the fouth to the 
north fide of the eolipdc, is called the afctnMng wotU^ or 
;dffagon*6 bead, and marked Q ; and the oppofite pointy 
where the Moon defcends from the north to the fouth fide 
of the eclipdc, is called the defcmtJ^ mtky or dragon*^ tail, 
and marked fS\ and a line drawn from one node to the 
other, is called the Une of the nodcs^ Thus, if {fig. 13) 
mr6€ dbc the orbit of the Moon, and e g the ecliptic, the 
points a r, where the orbit cuts the ecliptic, are the two 
nodes, and the dotted line c the line of the nodes. From 
a view of the figure, 4t is phun, when the fiill or new 
Mdaa lappaos when the Moon i» at th^ points iwd^ there 

can 
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can be no eclipie, the fhadow 0/ the Moon or £anh falling 
cither above or bekiw the other luminary; but when the 
full or new Moon is at the points a or r, or within 17 de- 
grees of tbefe points, there will be an eclipfe of one of the 
luminaries. 
' . In order to calculate an ecUpfe, it b neceflary to kiKMiir 
how to take the parallax of the Sun, or any heavenly body ; 
as'alib to take the parailadic angle. 

The parallactic angle, called aifo the parmllax^ is the angle 
£ S T 0^. t, ^ate 18), made at the centre of a flar, or 
other bodies, by two lines, one drawn from the centre of 
the Earth T, and the other from its furface E ; or, which is 
(be fame thing, it is the difiference of the two angles C £ A 
and ETA* 

Parallax is an arch of the heavens intercepted between the 
true and apparent place of any ftar, or heavenly bodyj 

The true place of a (lar, S, is that point of the beavcns, 
B, where it would be feen by an obfcrver placed in the 
centre of the Earth T : and the apparent place of the iame 
fiar is the point C in the heavens, where it wouki appear 
10 an obferver on the furface of the Earth, at £• This 
difference of the two places of the fanK (bur is the paraUax^ 
fometimes called, for d)(lin<^ion fake, the parallax of altitude; 
Mofi is au angle formed by two vifaal rays, the •ne drawn 
from tlie centre, and the other from the circumference^ of 
the Earth, and traverfiug the body of the fiar ; the meafure 
of it being an arch of a great circle, intercepted between the 
points of the true and apparent places, B and C* 

The parallax fi C is alfo the difference between the true 
difbnce of the liar from the zenith A, and the apparent 
diftance A C. Hence the parallax ^iminifhes the altitude of 
a fiar, or increafes its diflance from the- zenith* 

The parallax is greatefi in the horizon, which b thexefore 
called the horizontal parallax, as £ F T* From the borivm 
the parallax decreafes all the way to th^ zenith A| where tfaa 
true and apparent places of the fiar coincide. 
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The fmrmUsxtf tifstmrnai mhit rf tkeEariky is tlieaiigk 
imdor vhkh tho fcmidiameter of the Earth's orbit i* icBii. 

To find the parallax of a cdeftial body^ obiemre when the 
bodr b in the Ame venkak line with a fixed flar which is 
siear it \ aod while it \t in that pofition, meafyre its fi^rent 
diiiance from the (hur ; then obferve when the fiarandix^dy 
tfe at equal aldtodcs from the horixon, and there meafure 
their diAancB vgyun, and tfi^ djfferepce of thefe diftanccf 
wiU be.tbe pmlluu 

The Afirvnomj ifEclipfes, 
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^ To calculate a lunat cciipfe it b neceflary, firft,'to ffod Ai 
]ei^h of the Earth's, conical fliadow, which may be found 
|iy .finding the diftance between tiie Earth and Sun, and die 
proportion of thdr diameters. Thus, fuppoie the feml'^ 
axis of the Earth's orbit to be 9 $,000,000 miles, and the 
fccentricity of the orbit 1,377,000, which, added Jto^tther, 
make 96>377,ooo miles, or ^4,194 (emidiameterB of* tfao 
Eactb; aod the Sun's fanidiameter beiog to that of the 
Earth as 1 12 to i ; then, as A D is.to fi £, fo is D£ to EC 
£/%. a), thati^ as 1 11 is to x, fo 1^04,194 to a 18. famdia- 
fpeters of the Earth, equal to E C, the length of the £arth*a 
Piadow* 

To find theappairnt femidiameterof the Earth's (hadoir« 
io the place where the Moon pafles through it, add together 
tjie parallaxo of the Sun and Moon, and ffvm the fnm 
fubtra^t the apparent iemidivneter of the Son, and tlie re- 
mainder will hfi the apparent fcmidiameter of the (badow at 
|he place y here the Moon pafles through it. 

N^te. Thfs Sun's parallax may very well be omitted in 
this calculation; and the apparent femidiameter of the 
Ihadow iocreafed by adding one whole minute. 
" It is alfo neceflary to hlive the true diftances of the Moon 
from the node at the mean oppofition ; a!fo the true time of 
tjiifi oppofition, with the true place of the Sun and Moon 

reduced 
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ftdoceA to cht ecliprici and the Moon's ttueUtkudc it the 
time uf the trueoppofitbo ; likewife theanglca of the Mooq*s 
way vitb the ecliptic, and the true horary inotk» of the 
Sun and Moon ; from which every particBfair concenuHf 
the cclipfe may be computed by common aritkmetic and 
^jngonometry. i 

Themethod of conftniAtng an cclipfe of die Moon ia aa 
ibUowtt-*LetEW, (^ 3) reprtfent a partof theediptk, 
C the centre of the tranfvfrfe fedion of thcJsartiiSa fhodow; 
Draw the line C N perpendicuJar to the eclipdc» and 
towards the noftb, if the MooDiluive qorttrtatitude ; but if 
Ae have fouth Utitude, draw a line C S. Make the angle 
KCD equal to 5 degitei 3$ nunBtea» which k^klie angle 
the Moon's orbit makes with the ecliptic. Bifea this 
anglt fay the right line C V, and in this Une the true equiil 
thne of oppofidon between the Sun and Moon Mb bf the 
tabUa. ^ 

Take the Moon's bdtudo at' Ae tnie^ time of fctt Mooq 
from *a fcaie of equal p«rts» which it fuppoftd to lepneAal 
minutesof a degree^ and fet thia diftance finonvC to G on 
the line G F. Through the point G daw a line HI at 
r^bt angleato G D, which line reprefents a poidon of the 
Moon's orlut. Then L is the point where the Moon's centra 
is at the middle of the edipfe ; G the place of iidr centre at 
the tabubr time of her being full; and K the point oi her 
pentre at the inftant of her eciipdc oppofition<s> I » the 
Moon's cenrif at the moment of her immerfioni and H her 
^ntie at the end of the ecUpfei or emerfion. 

From the fame fcale take the* Moon's fenudiameter, and 
defcribc three circles 011 the points I G H, which reprefeot 
the Moon in the begioningi middle, and end of the ecUpfe. 

Then, to find the length of time or the dwution of th^ 
eclipfe, meafnre the line I H on the laoie fcale^ and &y» as 
the Moon's horary motion from the Sun is to H I, fe b one 
hour, or 60 minutes, to the whole duration of the ecUpfei 

FfOB| 
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Ffom die above figure the edipTet may be compoted. 
For, firfty in the right-aogled triangle C G L^ r^-ai^kd 
at L| there is gi?en die hypothenufe C G, which is the 
Ifboo's hdtude at the time of the full Mood : allb we have 
dieangle 6 C L equal to the half of j degrees 35 minutesi 
whevefiore the legs C L and G L may be found. Seoondlfy 
b the right-angled triangle C L H| or C L I, are pvea the 
)^ C L, and C H or C I, which htter b the flim of Ibe 
femidiameter of the Moon and the Earth's (hadow ; there* 
fore L H or L I may be found, which is equal to half the 
difference of the nK>dons of the Sun and Mooo during die 
eclipfe. Thirdly, as the difference of the horary inotioi^ of 
the luminaries is to one hour, or fixty minutes, ib is H L to 
the femiduration of the eclipfe ; and fo is G L to ^he differ* 
ence between the oppofidon and middle of the eclipfe. Thb 
lafl, therefore, taken from the time of full Moon, giv^ the 
time of the middle of the eclipfe ; from which, fubtrafting the 
dme in L I, before found, ^ves the bepnning of the eclipfe s 
and, added to the iame, gives the end of the eclipfe. 

Laftly, from C O, the femidiameter of the Earth's fliadow, 
fubtrad C L, and the remainder L O, added to L P, pves 
O P, the quandty edipfed. 

A fobu* eclipfe, or an eclipfe of the Sun, would be difco- 
vered in the fame manner as a lunar ecUpfe, if the Moon' 
bad no fenfible parallax ; but ^as the Moon has a paraUax, 
the method is fomewhat different. 

I. Add the apparent femidiameters of both Sun and Moon 
together, both in the aphelion and perihelion, which g^ves 
33 minutes 6 feconds for the greateft fum, and 30 minutes 
31 feconds for the leafi fum. 

s. As the parallax diminilhes the northern latitude and 
increafes the fouthem, let the greateft parallax in the ladtode 
be added to the former fums, and aUb fubtrsAed from them: 
thus may be had, in each cafe, the. true bdtude, beyoiid 
which there gin be no eclipfe. Having dnakdtuda^ dw 
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MoosNdiftapoe from die nedet is feudl ia tht fiune owmer 
as Ibr te ksutf ecKpfe. 

To SmI the digits celipfai, ad^ the apparent ftmidia- 
Offltri of tbe luminariet together, from wliich fubtimft the 
Biooa^ appaftat Ittituda ; the remainder b tht part of tke 
diHineier edipfed. Then faj, as the icfmiiameter of the 
3ai^ to tht fcruples ecUpftd, ib are fix di^ reduced into 
foiUfim (that is, j6o feraples or rainotes) to the digits 
ecopMO* 

To detehidnt the doretion. of a folar ecli^ie, find the 
boftry molioo of the Moon from the Sun for an honr before 
the coBJundioii, and Amt one hour after it. Then £17, as 
the former horaiy/nodoo b (o the feconds in an hour, fo are 
the foruples of half the duration to the time of immerfion ; 
and as the btter horary motion b to the fame number of 
ftoondsi fo are the fomples of half the duration, to the time 
of emerfioa. Then adding the times of immerfion and emer- 

I 

fion togethtTi the funv b the whole duration. 

To^nd the beginning, middle, and end of a folar eclipfe^ 
find the arch G L from the Moon's btitude, for the time of 
conjondion. Then iay, as the horary motion of the Moon 
from the Sun before the conjunAion is to one hour, fo is 
tiie dilhinoe of tlie greeted darknels to the intenral of time 
between thegreateft darknefs and tlie conjun^on. SubtmA 
thb lutenml in the firft and third quarter of the anomaly 
from the time of the conjun^on, but in the other quarters 
add it to the fame^ and the refult b the time of tiie greateft 
darkneff. Laftly, from the time of the greateft darknefs,' 
fobtraft the thne of incidence, to which is to be added the 
time of emerfion; the difference in the firft cafe will be the 
betting, and the fum in the btter cafe will be the end tf 
the eclipf^. 

To calculate ecHpfes of the Sun, it is necHBiry, firft, ^ 

iM the rtieaQ new Moon, and from thence the true one, 

iriA the phure of the hmaharies for the spparetit time of 

'f^ ■'■' '1 the 






tiie true nrir M«mi.>««4U Fot the tpptreot time of tlK true 
nev Moen, eempmie the afiparent time of the new. Moea 
ehferftd.-— 3» ;For tfie iBpfparent time of the new Moon fteft, 
compute the latitude ftea.^**^% Theftte determtoe the mranher 
of digits ecHpfcd— $. Iiad die times of the git&teft cbrknefl^ 
emerfion, and Unmerfion*-^. And from thenoe deiermiiie 
tie be^ntibg and ending of the •eeNpfe. 

From this it is evident that the trouble in the cilciifaRion 
of ecUpreserile^from the partdlexes of longitude andladtude, 
without wfifcb the cakmlalfon of fohredipfts iroiddbethe 
jApoe as that of lunar onek. 
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OF TIME. 



TiMi is a mode of duration marked by certaun periodic 
meafureSy and snodons; and the chief method we have 
of meaforing lime is by the rerolutiou of |he two Imni^ 
nories^ the Son and Mooo, bot partictriarly that of the 
Sun. 

Mr« Locke obferves, that the idea we have of time ia 
acquired by con€dering any part of infinite durationi as fet 
out by periodical mcafures. The idea ei any particuhur 
time, or length of time, as a day, an hour, &c. is acquired 
by obicnring certain appeannces of fame bodies, moving 

i*< % with 
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with « .itgultr motion, and at reg^ular aod fecauDg equi- 
diOait periods. Now, by bting able to repeat tbelt lengths 
OF/nqifuret of time as o/te^ as we pleafei we can imai^ne 
diuafckm where nothing r^y endures or exifts, and thus we 
iDM^ne to-morrow, or neiit yeart &c. 

TiQM is aUb the duration of a thing which has both a 
bef^nning and an enc^ and in this fcnie it is difiinguiflied 
4r9m. eternity. 

Thus, lime is the duration of Ibme motion ; for without 
{bm^.r^pjar UA uniform .motion we ihould have no me- 
thods to compute time, or diflinguiih it from eternity. 

Time may be divided into ahfiluu and relative, 

Abfolute time is time confidered in itfelf, and without any 
relation to motion. * 

Relative or apparenl time is the fenfible meafure of any 
duration, by meids of motion, as, by the motions of the 
luminaries, the hands of a clock, watch, &c. 

Relative time is fubdivided into afirenomical SLnd civiL 

Agronomical time i^ that nrhich is meafured by the mo- 
dons of the heavenly bodies^ * 

Civil time is formed for civil purpofes, and diitinguifiied 
into years, months, days, hours, &c. 

The year, b the full f xttnt of the word, is a fyfiem of 
feveral months, or a fpace of time meafured by the revo- 
lution of fome celeftial body in its orbit. Thus, the time 
in which th^ fixed (iars make one revolution is called the 
great year; and the times in which Jupiter, Saturn, &c. 
complete theif revolutions, and return to the (ame point 
ag^in, are refpe^Hvely called the years of Jupiter, Saturn, &c. 
For a year originally denoted a revolution, and is not limited 
to that of the Sun ; therefore we find fome ancient nations 
at different times called the revolutions oi the Moon, or the 
/pace of a month, a year; which occafions fuch ftrange 
accounts in the chronology of fome very ancient nations, as 
in tbofc of tiie Egyptians, Babylonians, kc 

The 
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The folar year, called alfo jear by way of cmiiieQce^ is 
that fpace of time, in which the Sun mores throogb the 
twdve figns of the Zodiac This year, by tbc.beft'ohfiBr* 
vadobs, b found to contain 36$ days 5 hours 48 inintttiet 
48 ieconds; but the quantity, accotding to the autbori of 
the Gregorian calendar, is 365 days $ hours 49 jmU 
irates. In the civil account, this year is fiud to cpiitiiii| 
only 36$ days ; and one day is added to every fourth ycWf . 
to make up for the odd hours, vhich is therefore catted 
leap-year. 

The Julian year, fo named from Julius Caelar, who <ft>^ 
bliflied It, confifts of 365 days 6 hours, which eioeeds die 
true folar year by upwards of 11 minutes, wluch exoefi 
amounts to a whole day in near 131 years. And one day is 
added to the end of February every fourth year, which is 
ONnpofcd of the odd fix hours every year. This year iSf 
therefore, called Biflextile, or leap year. 

The Gragorian year, lotroiduoed by Pope Grq^ory XIIL 
in 158^, b the Julian year correfted by thb rulc^ vh. That 
infleed of every hundredth year being a leap year, asit would 
be in the Julian calendar, in thb way, only one hundredth 
year out of fourba leap year, the other three being commpn 
years. By thb omiffion of three days in every 400 years, the 
dvn year would nearly keep pace with the folar year fnr timf 
Co come. 

I 

Yet thb year b not quite perfed, for, as in four centuries 
the JuUan year gains 3 days % hours 40 minutes, and as 
there are only three days omitted in the Gregorian accoum, 
there is ftill an ezceft of % hours 40 minutes in 400 yearSf 
which anK>unts to a whole day in 3600 yean. 

In the year 2752 thb ilyle was adopted in Ei^buid, and 
the eleven days were thrown out after the ad of September, 
by accoanting the 3d the T4th of that naonth. Thb was 
called the New Style^ in diftindion from the former, which 
wascalkdtheOht, 

The 
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Tht Mir yetr h ehhef tftroaocnical or civil. The iftro. 
tntnlM Akr yetr is thtt whith is detemiined pnedfely by 
ite iW M i ilei l obfervatieas, tud is of two kinds, yh. trtfkal^ 

Tht mpical or nttvrtf ytar is the time t^ie Sua lakes to 
pA tktougli t^ twdfe figcis of tbie Zodiac, and b the oftiy 
p&pet natattl fokr yMr^ beoaufe the fadbna tlways kXi io 
ttm fUbt tfioOthSw^-^Tke (ideral or aftral year is the fpACt of 
BM the Sua takes in faffing from any fixed tir tiH bit 
letum to the (ame again, and is ao minutes 29 fe to i wlA 
lodfef than the me fohr year. 

Tbelimir ytar ia the fj^ce of twelve loiMr montha^ tnd 
fl either allronofMcal or dvik 

The^hirtar aftrOMtiioal year confiAs of tweli^ hoMf 
lynftAoA months; and i», Iheni^te, 554- days f hmm 4B 
mixnufm 58 feconds, beitig 10 dtyt ai hours i^ ftq w di 
fliorter than the fohr year. 

The looor dvll year is either eommoo or embeMric* * The 
Mnmon lunar year confifla of twettre hmkr dvtl ttamhs^ 
md eomaiofl 354 days^ The emboBfMe lonar yur oonMb 
of flnrtceb lonir (Ml months, and eoottkis 38f ctays. 

The cMI or iegd year, in Enghmd, fonnerfy began on 
the %^ of March, or the day of the AamiddatioB of 
Bk Vfa^ lltfy : but the htAorical year began on the tit 
of January. The part of the year between thefe twi» terms 
WIS trfbaHy exfireflcd thus, xyj^'^, or f yjf. Bot uteord* 
Ingtb the new ftyk^ the dvH year now bcgiAs on the ift «f 

J^itttmy* 

The attdent Roman yeer, as firft fettled by ttie RonaASi 
contained only ten months, and in all 304 days* 

The Egyptian year, called alio the year of Nabonalar, 
flrom the epoch of that name, contms only 365 days^ di» 
tided hito twelve riiontlis of 50 days each, whh five inter* 
cUary days added It ^ end. Thus the Egyptian year loles 
a whole day of the Julian year every fonf yctfrs, ami after 

the 
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tlie ipaoe of 1460 yean it begins with the Julian yeaf^ 
wMch length of dme \s called the Sothic IMod/ ^ 

The andent Greek year confifted of twelve montfasi^ 
which at firft were divided into 30 days each, but a fte rwaw h 
eadi month contained 29 and 30 days akemately ; and tiui 
year was computed from the firft appearance- of the new 
Moon, with the addition of an emboliiinic month of 30 dayi 
every 3d, jtb, Sth, iith, 14th, x6th, and 19th year, in older 
to keep the new and full Moons to the fame feafoot of tte 
year. 

The andent Jewifh year confided of twehe fnonths, con^ 
tjdning 29 and 30 days ahemately. To which were added 
eleven or twdve days to make it agree with the ibkr year. 

The Syrian year was the fame in quantity as the Jufian 
year, but commenced in the beginning of October, aceoidbg 
to the Julian year. 

The Perfian vear contained twelve monris, of 30 6$f$ 
each, with fiveintercahuy days added. 

The' Arabic, Mahometan, or Turkifli year, called alib Ae 
year of the Heg^ confifts of 354 days 8 hours 48 rainuteii 
ifivided into twelve months, contsunlng] 99 and 30 days 
alternately: though fometimes it contains 13 months; and 
intercalary days alfp added every 2d, 5th, 7th, loth, t3tii| 
15th, x8th, 21ft, a4th, 26th, and 29th year. The noote 
ftmmence with the firft appearance of the new Moon. 

The year is divided into twelve parts, called nontht, from 
the Moon, by whofe modons it was regulated : Ae nonih 
is properly the dme in which the Moon pafles dmm^ the 
Zodiac, and is of fevend Idnds; as^ 

z. The ilJummativi mmti^ which is die inteival between 
die a|^>earance of one new Moon and that of the next; and 
always vsuries in quantity. Thb mondiisufedbytheToHta 
and Arabs. 

2 The boiar /UrioJicat nuMti^ or the exift timt In wUch 
thc.Moon runs through the Zodiac, and oonfl&s of 27 days j 
7 hours 43 minutes and 8 feconds. 

$. The 
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3. The humr J^mdical mmih^ called a lunation, b the 
^ dme between two new MoonS| ai feen fixnn the Earth, and 

* coofifla of ft9 days 12 hours 44 minutes 3 feconds and it 
Aiids. 

4* The foUr mmtk is the time the Sun runs through one 
£||n of the eclipdc, and confi(U at a mean rate of 30 days 
so hours 29 minutes 5 feconds. 

J* The cknl or commm mwik is an interval of a certain 
snunber of whole days— fuch are the calendar months. 

6« The civil limar mmtk confifts alternately of 29 and 30 
days. Thus two of thefe months are equal to two aflrooo* 
nAcal months, and the new Moon will be kept to the firft 
day ot fuch civil months for a long time together. This 
Bxmtb was in moft common ufe till the time of Jufius 
Caefiur. 

7. The civil fpUar moMiif which confided alternately of 
30 and 31 days, excepting one month which had 29 days, 
introduced by Julius Ceiar. But under Auguftus, the fixtb 
month, dll then called Sextilis, received the name of An« 
gufhis, from thence called Auguft ; and one day more was 
added to it, which was taken from February. This b the 
regular civil month in ufe in England. 

A week is a fpace of time contained in feven da3rs, and 
qrigiuated from the divlfioQ of the lunar month into four 
parts. 

The divifion of the month into weeks was ufed by the 
.Syrians, Egyptians, and moft of the Oriental nadons. The 
Koman week confided of nine days, and the ancient Greeks 
ufed decades, or a fyflem of ten days. 

But the Jews ufed the week of feven days. The days of 
*the week they denominated, the firfl, fecond, third, fourth^ 
fifth; and the fixth day they called the preparatioQ oftbe 
Sabbath, the Sabbath being the feventh day : and this divi* 

• fion is (UU obferved by the Cbriftians, Arabs, Pcirfians, 
Ethiopians, 2cc. 

Tk 
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Tbe ancient heathens denominated the days of the week 
from the feven planets, calling each day after that planet 
which they fuppofed governed the firft hour of tbe day. 
Thus, the firft day was called Dies 8oliSy or Sunday, from 
the Sun; the fecond, Dies Lunae, or Monday, from the 
Moon, &c. 

But our Saxon anceftors, before their converfion toChrif- 
tianity, named the days of the week from the Sun and 
Moon, and alfo from fome of their deified heroes, to whom 
they were peculiarly confecfated, which names we ftill 
retain. Thus, Sunday was dedicated to the Sun ; Monday 
to the Moon ; Tuefday to Tuifco, or Mars ; Wedneiciay to 
Woden, or Mercury ; Thurfday to Thor, the Tbund^rert 
or Jupiter ; Friday to Friga, or Friya, the wife of Thor, or 
Venus; and Saturday to Seater, or Saturn. And the. di^s 
of the week are often expreifed by n)odem aftronomers. by 
the chara^^ert of the planets, as, for Sunday, and ^ for 
Monday, &c. 

A di^ is that fpace of tim which afl(es from the appear* 
ance or di&ppearaace of the Sun, and Is either natural as 
artificiaL 

The natural day is the portion of time in which the Sun 
apparently performs one revolution round the Earth ; that 
is, the time in which the Earth makes a rotation on its own 
axis. 

The artificial day is the time from Sua rifing to Sun (et* 
ting. 

.The natural day is either aftrenomical or civil. 

The ajhtntmical 6xf begins at noon, or when the Sun's 
centre is on the nieridian, and contains 24 hours to the 
following noon. 

The c'tvil day is the time allotted for the fpace of a day 
in civil purpofb, and includes one entire rotation of the 
£arth on its axis. This day begins at different times 
in diffisreat nations : at Sun rifing among the ancient 
^byloQiansi Perfiapsi Syrians, %mi oioft other Eaiiera 
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nations, and the prefent inhabitants of the Balearic Iflands, 
the Greeks, Sec. ^ It began at Sun fetting among the ancient 
Athenians and Jews ; it is alfo ufed by the Auftnans, Bo- 
hemiauSi Marcomanni, Silefians, modem Italians, and 
Chiiiefe. With all modern ailronomers, and the ancient 
Umbri and Arabians, the day is began at noon; and at 
midnight among the ancient £g)'ptians, Romans, and with 
the modern £ng1i(h, French, Dutch, Germans, Spaniards, 
and Portuguefc. 

An iour is the twenty-fourth part, but fometimesonly the 
twelfth part of a day. 

There are various kinds of hours, as, x. £qual hours, 
which are the twenty-fourth part of a natural day. They 
are called equinoAial hours, becaufe they are meafured on 
the equino^ial ; and alh-onomical, becaufe ufed by afhono- 
roers. 2. Babylonifh hours, of which there are 24 equal 
ones in the day, and reckoned from Sun rifing. 3. Euro- 
pean hours, ufed in civil computations, and are reckoned 
from midnight; 12 hours from thence till noon, and 12 
more from noon to midnight. 4. Jewifh, or planetary, or 
ancient hours, which are rhe twelfth parts of the artificial 
day, and rhe fame parts of the artificial night. They are 
called ancient or Jewiih hours, becaufe ufed by the ancients, 
and ftill ufed by the Jews : they are called planetary hours, 
becaufe ancient adrologers pretended that a new planet 
prefided over every hour. 5. Italian hours, of which there 
are 24 equal ones to a day, reckoning from funfet. 

The hour is divided into 60 minutes ; and each minute 
into '60 Seconds ; each fecond into 60 thirds, &e. 

As time, for the purpofes of chronology, is calculated by 
years, it is necelfary to have fome certain fixed point of time 
from which calculations can be made with certainty, which 
fixed point of time is called an ep^cka^ of epooh. 

Diiferent nations ufc different epochs or seras ; the Chrif- 
tians chiefly ufe that of the nativity of Jefus Chrift; the 
Mfthometans, that of the Hegira, or flight of Mahomet; 
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the JewSy that of the creation of the world, or that of the 
Deluge ; the ancient Greeks, that of the Olympiads ; the 
Romans, that of the building of Rome ; the ancient Perfians 
and Ailyrians, tliat of Nabonaflar, Sec, 
The do^rine and ufe of epochs is of great importance in 

* 

chronology. And to find what year of one epoch correfponds 
with that of another, a period of years has been invented, - 
which commenced before all the epochs, and is a common 
ftandard of them all, and called the Julian period. To this 
period all the epochs are reduced ; that is, the year of this 
period when each epoch commences is determined. iThus, 
adding the g^ven year of one epoch to the year of the period 
correfponding with its beginning, and from the fuch fub- 
trading the year of the fame period correfponding to the 
^her epoch, the remainder is the year of that oth^ epoch. 



^x% ATABLE 



or ASTKOHOMT. 



A T A B L K 



Years of the mj/l remariahle Epochs. 



• 




-T 


r^ 


E 


N. B. Tif tv— V" CJry. .rf iW' *f/»' 


lit TtpOlU 


t 


*? 


I'l' 


j.ar ^ k,, ii,li,. mJ „„ r,.h>HJ iMriJr^ 


tl«jirj>^^' 


1 


I« 


si 


>f *.. ^,, M, „ .Ji..llj J.,.,. 




-? 


r 


Cir»iion ol Ibt World — — 


_ 


704 


4007 


rhe Deluge, or Noah'i Flood — 




I3«i|i656 


«S' 


Aflyriui Monucbr, toundcd by Kimiol 




iSJ7,'fij' 


1.;* 


Kingdom of Atheni, bonded by Cecrops 




J<i7(»45l 


• 5S6 


Enlidnce of Ihe Ifraelitei into Citiun — 




j2S»i556 


1451 


riie Deftruaiun of Ttoy - — 




ISijiBsj 


,T84 


Solaraon'i Temple IbunJcJ — - 




iloi 1995 








J7T6JO70 


9J7 


l.)Ciiigut formed hti U<ri — — 




18193113 


884 


A.b«es, fitft King ol ihe Medes - 




J«J«3I.l' 


87= 


Olympiads of the Gitek. bes»ri — 




JSjSjiJi 


77; 


The Building of Home — — 




J961 315.' 
J967 ia6l 


75^ 


Mn of Nabonaf&r — — 




,46 


FiiftBabylonifb Cipllvity, byNeb.ich*liie7 


lai 


(,iorj4°' 


«oe 


Ihe Second BabyluniflitJipliiiTy, and Biftb 


of Cyi^i 


^mVJ4c8 


599 


Solomon"* Temple deniurcd — 




♦■*i|3*'!' 


588 


Cjru. bes»n .0 reip.> m B.bylon - 




t»?5|M7« 


5J« 






»»8 1,357* 
4390 36S4 


4i' 


AlcxindenheGicjlrtitd — 




J>J 


Copiiviiy of iff.oooJews, by riuliimj- 




«9J )*8' 


31C 


Arehimedts killed it Synculc — 




tteS j8oo 


t07 


, Juiiut Cwfjr itivided Bnidn — 




t^-'y39<3 


'4 


Heeoncaedilir[:»knd«r — — 
The irue Year ul fliiift'i B.ixh — 


- 


4709'4O0j 


4 



OF AtTBONOMr;- 



»ss 






If 



DionvfiuD, oi vul(;iri£n of Chrift*! Birth 

thrift cnici6eJ, Ftiday, Apiil J<1 — 

Jcrutilero deftiuycd — — 

Adilsn'i Will buirt in Briuin — 

Diocltfian Epoch of Mkilyrs — 

The Cooncil of Nice — — 

iflanllne Ihc iireat died — 



Hccin> 01 tliKli' "l MihuDKt — 

The DcUh of Mahorhvt — — 

The Peiiiaa Vefdegird ~ — 

The Muon, ind ill ihe Primkry Ptuieti, 
Sipi LibiBi fiom Ihe Cailh — 

ilof Piinting dilcovcied — — 

The RefoTRUtion begun by Martin Lulher 
The Cdendu cotr«aed by Pope Gtt^otj 
Sir Ifuc Newton boiHf December 15th 
Olivet Cromwell died — — 

Sir I. Newion made Prcfidcni of the Royal 
Died March zcth — — 

Ttic New Pluiel dif^DveRd hv Dr. Hcrfchi: 
TheCcrci de Ferdinand didvvered b y M 



,71s 4O0T 

47«J 4077 

• .1*"7 
♦i)!i7+»9' 

5o5oUj44 

EJJ5+*»! 
534J4SJ7 
S3444*j8 



5'93 



5589 
5649 

S6fij 1658 

57101-0} 
S7»+'7'7 



t54> <>^ ASTRONOMT. 



SECT. VI. 

OF ASTROKOlilCAL PROBLEMS, AND THE USB OF THE. 

GLOBES. 

Trk cdfftial globe differs from the terreftrial one in 
vinidDg the images of the conftellations aad figures of 
Ae ftart upon it, inftead of the feveral parts of the Earth. 
The meridian circle drawn through the^ poles and the point 
Cancer reprefents the folditial colure ; and that meridian, 
drawn through the point Aries, reprefents the equinoftial 
colure. 

PROBLEM I. 

To exhibit a true Reprefentation of the Face of the 
Heavens for any given Time and Place* 

Redify the globe for the latitude of the place (as taught 
in Geography), placing the north pole of the globe towards 
the north pole of the world. Having found the Sun's place 
in the ecliptic, and brought it to the meridian, fet the index 
to Z2 o'clock at noon ; then turn the globe on its axis till 
the index points to the given hour. In this pofition the 
globe exa6tly reprefents the face of the heavens as it appears 
at that time ; every conflellation and fhir in* the heavens 
correfponding in iituation to thofe on the globe. 

PROBLEM IL 
To find the DecUnation and right Afcenfion of any Star. 

Bring the (lar to the brazen meridian ; and the number 
of degrees on the meridian between the equator and the flar 
is its declination; and the degree of the equator, cut by the 
meridiani is the right afcenfion of the fiar. Thus the riglit 

albenfioft 
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afeenfion of any flar is an arch of the- equator, intercepced 
b^ween the firfl degree of Aries, and that point where the 
meridian or circle paffing through the fiar cuts th^ equator. 

PROBLEM. III. 
To find the Latitude and Longihide €f ^mf SiOTm 

Bring' the folftitial colure to the meridian, and then fix 
tfa<( qvadrant of altitude over the pole of the ecliptic, hi the 
fime bemifphere with the ftar, and bring ittgMdnated edge 
to the ftar; then the degree on the quadrant^ cot by the 
(bur, is its latitude, counted from the ecUpticj and thc^ 
degree of the ecliptic, cut by the quadrant, is the ltar*t 
longitude. 

PROBLEM IV. 

To^find the Place of any Star or heavenly Body^ having 
its Declination and right Afcenfi(m» 

Find the point of right afcenfion on the equinodial by 
Problem II. and bring it to the meridian ; then count tht 
degrees of declination upon the meridian from the equi« 
no^al, and there make a mark upon the globe, which wiH 
be the place of the fiar, &c. 

PROBLEM V. 

To find the Place of a Star^ Planet , Comet ^ Vc. 
having the Latitude and Longitude. 

Bring the pole of the ecliptic to the meridian, and there 
fix the quadrant of altitude, which turn round till its edge 
cut the given longitude on the ecliptic ; then comit the ^ven 
latitude from the ecliptic upon the quadrant of altitude, 
and there make a tnark upon the globe, which will be the 
place of the fiar, planet, &c. The place of aoy fiar, pla- 
net, 
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act, tec. baag feiiad by this or the ibrcgoing 
rifiog, letting, or any other circumftftitce o 
tnajr be found by the proper Problems, as thof 
are found. 

PROBLEM VI. 

Tojittd the ryS»g, fitting, md rvimmatm^ 

or any caUJUai Bodgp and confequenlly 

immtn aioiM the Horaamfor am/ Plac 

lU/b its oiUque jtfcenfion and Defcenfio 

■ eaftem andwffiem Armplitude atid jham 

Ai^uA the globe to the llaie of the heavens : 
n noon on the given day ; bring the ftar, 2cc. t 
fide of the horizon, which will give its eaftei 
and azimuth, and the time of riing; .as for the 
turn the (^obe till the laine flar comes to the w< 
itie hori20n ; Co will the weftem amplitude i 
uith the time of fetting, be found. Then the 
fubtraded from that of fetUng, leaves the contii 
ftar above the horizon ; which, fubtrafled froi 
Jeavet the time it is below the horizon. LaQl 
Air to (he tiKridian, and the tiour to which th 
points is the time of its culmina^g, ot fouthiu 



PROBLEM VII. 
Tojind ti» JUUvde of a Star, ^c.for 
Hour. 

Adjuft the globe to the poGtion of th< heave 
it till the index point to the given hour; then 
dram of altitude at 90 degrees from the horizo 
Uto the place 0/ the ftar: then the degrees of 
intercepted between the Iwrizoii and the ftar 
altitude ibught, 
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PROBLEM VIII. 

Having the Altitude of a Star ly Night, or the 
Altitude of the Sun by Day, to find the Hour of. 
the Day or Night. 

^Reftify the globe as in the foregoing Problqn, and turn 
the globe and quadrant till that degree of the ecliptic where 
the Sun is, or the flar itfelf, cut the quadrant in the g^ven 
degree of altitude; then the index will point to the hour 
required. 

PROBLEM IX. 

Having the Azimuth of a Star, or the Sun^ to find 
the Time of the Night or Day. 

Re6Hfy the globe as before, and hru^ the quadrant to the 
given azimuth in the horizon ; then turn the globe till the 
ftar or Sun come to the quadrant, and the index will then 
ihoW the hour of the night or day. 
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^ AN EXPLANATION 

OP TBB 

Principal Terms tifed in Aftronomy* 

jBras^ certsun periods of time from whence chronologers 
and aftronomers begin their computations. 

Altitude^ the height of the Sun, Moon, or flars above 
the horizon; and it is always reckoned upon a vertical 
circle. 

' Amplitude^ an arc of the horizon contained between the 
eaft or weft point of the heavens, and the cebtre of the Sun, 
or a ftar, at the time of its riGng or fetting. 

Anomafy (true), the diftance of a planet ll» figns, d^rees, 
&c. from that point of its orbit which is the fartheft from 
the Sun. 

Anomaly (mean), is that which would take place, if the 
planet moved uniformly in the drcumference of a circle. 

AnteeeJentia^ the motion of any heavenly body when it 
is contrary to the order of the figns, as, through Aries, 
Taurus, Gemini, &c. towards Pifces, &c. 

Aphelhn^ that point in the orbit of a planet which is the 
fartheft difhnt from the Sun. 

Apogeon^ that point in the orbit of a plaaet, in which it is 
at its greateft diftance from the Earth. 

A/ifides^ tlie two points in the orbit of a planet, which are 
its greateft and ieaft diftance from the Sun : the line joining 
thefe points it called the line of the apfidcs. 

ArmiUmj 
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Armillary ffJtere^ an inftrument having the principal cir- 
cles which are ufually drawn upon the artificial globe. 

Afcenjknal difference^ an arc of the ^uino£tial contained 
between that point of it which rifes with the Sun, Moon, 
or (laTi and that point which comes to the meridian with 
them ; or it is the time the Sun rifes or fets before or after 
fix o'clock. 

jitmofpkere^ that coile^lion of rapours, or body of air, 
that furrounds the Earth. 

Jxis^ of the Earth or any planet, is an imaginary line 
paifing through the centre, from one pole to the other. 

Jzimuiksf great circles paffiug through the zenith and 
nadir, and they anf perpendicular to tl)e horizon. The 
azimuth of any celeflial objed is an arc of the horizon, 
contained between the cafl or weft point of the heavens, 
and a vertical circle pafiing through the centre of that ob« 
jca. 

Biffextile^ or Uapyear^ every fourth year, (b called becaufe 
the Romans reckoned the fixth day of the calends of March, 
In this year, twice over. ^ 

Cardinal points^ the Eaft,. Weft, North, and South points 
- 0} the compafs. 

Cardinal points tf the ecliptic^ the firft points of the figns 
Aries, Cancer, Libra, and Capricorn. 

Centrifugal force^ that force by which any body, revolving 
in a circular orbit, endeavours to fly off from the centre of 
motion in a right line, or tangent to the circle. 

Centripetal force^ that force which attracts any heavenly 
body towards the centre of its orbit, and which, together 
with the centrifugal force, preferves the body in the proper 
path of its orbit. 

ColureSf two great circles ur meridians, one of whidi 
pafies through the folftitial points Canqer and Capricorn, 
and is called the folftitial colure ; the other pafles through 
the equinodial points Aries and Libra, and is called the 
equinoAial colure. Cvi;unffi$n^ 
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Cwjmn^tM^ 18 when two fhirs or planets, feen from the 
Sun or Earth, appear in the lamtr point of the hearens. 

ConftellaUMj feveral flars lying near each other, which 
aftronomers, for the fake of remembering with more eafe, 
fiippofed to be circumfcribed by the outlines of fome animal, 
or orlier figure. 

Cofmical riling or fetting of 'a ftar, is when they nft 
with the Sun in the morning, or fet wirh him in the 
evening. 

Conftquentiay the motion of the planets according to the 
order of the figns, as from Aries towards Taurus, &c* 

Culminating of the Sun or a ftar,- is when they come to the 
meridian of any place. 

CycU of the Moon, a period of 19 years, in which time 
the changes and eclipfes of the Moon are nearly the fame, 
and happen at the fame time. 

Dajy that }x)rtion of time in which the Earth performs an 
entire revolution upon its axis ; and is either natural, arti* 
ficbl, or adronomical* 

Declination of any celeftial body, is its diftance north or 
fouth from the equator, reckoned in degrees, minutes, &:c. 
upon a circle j)erf)endicular to the equator. 

Degree^ the 360th part of a circle. 

Dite^^ a planet is faid to be direct when it moves according 
to the grder of the (igns. 

Difi of the Sun, or Moon, is its round face, which, on 
account of its di(lanc« from us, appears flat, like a plane 
furface. 

Digiif is the twelfth part of the Sun or Moon*s dia- 
meter. 

Eccentricity^ the diftance between the centre of an ellipfe 
and either of its foci. 

Ecliptic^ that great circle in which the Sun appears to 
move. 

Elevation of the pole, is an arc of the meridian contained 
between the pole and the horizon, and is always equal to 

the 
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the diilance of the zenith from the equator, that is, the 
latitude of the place. 

Elongation^ the angular diilance of a planet from the 
^un, as it appears to a fpefbtor upon the Earth. 

EUiJifis^ a figure formed by cutting a cone obliquely. The 
orbits of all the planets are of this form. 

Emerfion^ the time when any planet that h eclipfed begins 
to recover its light again. 

Ejia^^ the Moon's age at the end of the year, or the dif« 
ference between the folarand lunar year. 

Efuationsy certain quantities by which are cflimated the 
inequalities in the motion of a planet : the Moon being fub- 
je6t to many irregularities, has a great nuoaber of equa- 
tions. 

Eqnation rf Time^ the difference between' equal and ap- 
parent time, or that fhown by a clock and a fun-dial. 

Efuimxts^ the two points where the ecliptic cuts the 
equator. 

Gahxy^ or the Milky Way, a large irregular zone in the 
heavens, illuminated with a great number of flars. 

Geocentric place of a planet, is that part where it is fecn 
from the Earth. 

Heliacal rifing of a ftar, is when it appears above the 
horizon, before the Sun in the morning : and heliacal fetting 
of a fiar, is when it is not feen after the Sun in the evening. 

Heliocentric place of a planet, is that part in which the 
planet is Cctn from the Sun. 

Hemi/pkere^ the half of a globe or fphere, and is either 
celeflial or terreflrial. 

Horizon^ is the circle which fcparates the viiible from the 
invifibie hemifphere, and is either fenfible or rational. The 
former paffing over the furface of the Earth, and the latter 
through the centre. 

Hour circles^ atc great circles paffing through the poles of 

(he world. 

Immer^mi 
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Jmmerfim^ the moment when an eciipfe begins on a 
planet 

Inclination^ the angle which the orbit of one planet makes 
with that of another. 

Latitmde of a ftar or phinet, is its diftance from the cdiptxc, 
reckoned in degrees, minutes, &c. upon the arc of a great 
circle. 

Longitude of a (bur or planet, is its diflanc^ from the 
firft pcnnt of Aries, in degrees, minutes, &c« upon tbe 
ecliptic. 

Lnmiaaries^ the Sun and Moon, fo called by way of qni* 
nenoe. 

Lmnattm^ the dale between one new Moon and tbe 
nexL 

Magmtudes^ Ae different daflb of tbe ftars, of which ttiere 
are ufually reckoned fix or dght. 

Mum mtiim of a {Janet, b that which would take ph^ 
if it moved in 1^ perfeA cuxle, and an equal fpace erery 
day. 

Meridian^ that great circle which pafles through the poles 
and the zenith of any place. 

Minute^ the 6oth part of an hour in time, or the fame 
part of a degree of fpace. 

Nadir^ that point in the heavens dircAly und^ our ieet. 

Nodesf tlie two points where the orbit of a phaet inter- 
feds the ecliptic. 

Jforthemjigns of the ecliptic, are thofe fix on the north of 
the equino^fial, viz, Aries, Taurus, Gemini, Cancer, Leo, 
and Virgo. 

Nucleus^ tbe head of a comet, or tbe central part of a 
planet. 

Oblique afcevfon of the Sun, or a fiar, is an arc of the 
equino6Hal contained between the firfl degree of Aries, and 
that point of it which rifcs with the Sun or ilar. 

Oblifu 
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OhUqne Sphere^ Is that pofidon of the j^obe when dtfaer 
pole is above the horizon lefs than 90 degrees. 

Opf^/km^ when two ftus or planets are z^ degrees 
diftant from each other. 

Orbity the path a planec defcribes in its courfe round the 
Sun. 

Orbis magmu^ the orbit of the Earth. 

Parallax^ the difference between the places of any celeftial 
body, as feen from the centre, and from the furiace of the 
Earth. 

Parallax of the Eartk^t annual orbit^ is the angle at any 
planet which is fubtended by the diltance between the Sun 
and Earth. 

Parallels 9f latihuie^ are fmall circles of the fphere, parallel 
to the equator. 

Perigeony that point of a planet's orbit in which it is 
neareft the Earth. 

PeriheUm^ that point of a planet's orbit heareil the Sun. 

Polejiar^ a liar of the fecond magnitude ip the tail of the 
Greater Bear, fo called from being fituated near the North 
Pole of the world. 

Poks of the warU^ the two points at the extremities of the 
Earth's axis. 

PrtceJfioH rf the efuinoxes^ a flow motion of thefe two 
points, whereby they are found to go backwards about 50 
feconds in a year. 

QuaJranty the fourth part of a drcle ; alfo an infirument 
for meafuring angles. 

Retrograde^ is that motion by which fome of the planets 
feem to go backwards, or contrary to the order of die 
£gns. 

Right a/cenfifMy is that degree of the equator which comes 
to the meridian with any ceMUal body, reckoning ftoai the 
firil point of Aries. 

Satellites^ the feoodary pbnetk 

yot. lu UM Sceoai^ 
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Secmidf the fixdeth put of a minute^ eitbsr of dnc^ or 
fpace. 

S$^itiiU jioiatSf are. the two points in the ecliptic tbroogh 
which the folflkial colure palTes. 

SiatsPtkiiXi a planet is iaid to be flationary when it has no 
apparent motion. 

Syjlem^ a number of bodies revolving round a common 
centre; as the (blar fyftena. 

^^guUf. thofe points of the MQoa*& orbit where ihe is at 
.the new and full. 

Td^c9fiic ftars^ are fiars only diicoverable by oicans of a 
telefcope. 

Tranfii, is the pafling of cel^al bodies before one another. 

Tmligki^ that faint h'ght we perceive before the rifing 
and after the fettiug of the Sun, occafioned by the Earth's 
atmofphersb 

VcSor radluiy a line fuppofed to be drawn from any ph- 
net to the Sun, which moving with the planei, defctibes 
«quai arensy in equal times. 

Ziuiik^ that point of the heavens diredly over our heads. 

Zodiac^ that zone furrounding tl>e heavens on: each fide 
of the ecliptic, in which aU the planets perform tlieir o)0« 
tions. 
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OP MECHANICS. 



Definitions. 

f • 1 HE mechanical ptrwers are certain fimple imcbines ufed 
for raifing greater weights, or overcoming greater refinances, 
than the natural ftreugth of man can perform without 
them. 

2. Thefe fimple machines are reckoned fix in number t 
viz. I. Thtlfver: 2. \ht wheel; 3. Xht/iuUey; 4. the^«;; 
5. the iA)edge; 6. the inclined jdmie. 

3. Force is a power exerted on a body to move it ; if it 
ad infiantaneoufly, it is called percnjpfm^ or impulfe; if con- 
flanitly, it is an accelerat'tve force. 

4. Gravity is that force wherewith the body endeavours to 
£dl downwards : it is called ahfilute gravity when in an 
empty fpace, and relative gravity when Immerfed in a fluid. 

5. Specific gravity is the proportion which the weight of 
«roe body bears xo that of another: 

6. The centre ^gravity is a certain point in t body, upon 
which th<; body, when fufpended, will reft in any petition. 

7. The centre ofmbtionis a fixed point round about which a 
body moves. And the axis of motion is that fixed line about 
wtfich it moves, 

8. Poioer and vjeigtt^ when oppofed to each other, fignify 
the body that moves another, s^nd the body that is moved ; 

sH H i the 
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the body which communicates the motion is the power, and 
that which receives the motion is the weight* 

9. Frifltvn IS the reiiftance which any machine fuffen by 
the jnrts rubbing agaioft each other. 

In the pra£Uce of mechanics, though all bodies are rough 
in fome degree, and all engines imperfect ; yet it is neoeflary 
to confider all planes as pcrfe^ly even, ail bodies pcrfefUy 
fmooth, and all bodies and machines to move without fric* 
tioQ or refiihrnce, all lines (haight and ii^exiblei all cords 
very pliable, &c. 



SECT. I. 



ON THE SIX MBCHAMICAL POWEIU, 



Thb whole principles of relative motion in mecfaanioi 
depend upo^ th js one Cngle rule ;— ZiSii/ /ib mitmU force ^ 
<i moving ho^ it the refuk rf its fuanUtj of matter nfuUiplici 
hy the veUcity ef its motioM. Thus, when the produd 
arifing from the qnultiplication of tlie particular quantities 
of matter in any two bodies by their refpe6tive Yelotitics 
are eqp^l, ^hc entire fbrceis arc fo too. For example :*- 
fuppofe a body. A, which weighs 40 pounds, to ndoreat thB 
rate of two miles in a minute; and another body B, which 
weighs only four ppunds, to move 20 miles in a minute: 
the entire forces with which thefe two todies will ftrike 
ag^nft any othpr would be equal to each other, and theif- 
fore it would require equal powers to ftop them; for 40 
piultiplicd by 2, gives 3o, the force of the body A : and 80 

IS 



QT MECHANICS. 269 



is alfo the produA of 4, mukiplied by 20, the force of the 
body B. Thus, the hctivier aoy body is, the greater is the 
power required, either to move or (lop it. And agalo, 
the fwifter it mores, the greater is its force; therefore, 
-when two bodies are fufpendrd on any machine, fo as to aft 
contrary to each other, if the machine be put in motion, 
iimI the perpendicular afcent of one bedy, multiplied into 
its weight, be equal to the perpendicular defcent of the 
other body, multiplied into its weight; tbofe bodies, how 
unequal foever in their weights, will balance one another 
in all fituations ; for as the whole afcent of one is performed 
in the fame time with the whole defcent of the other, their 
jrefpeftive velocities mu(^ be direftly as the fpaces through 
which they move ; and the excefs of weight in one body if 
compeniated by the excefs of velocity u\ the other. Upon 
this principle the power of any machine may be eafily 
computed; for it is only finding how much fwifter the 
power moves than the weight does (that is, how much 
farther in the fame time), and jufl fo much power is gained 
by the engine. 

A Uvcr is a bar, either of iron or of wood, one part of 
which is fupported by a prop, as its centre of motion. And 
t|ie velocity of every part or point in the lever is direftly as 
its difbnce from the prop. 

There are four kinds of levers:— i. The common lever, 
where the prop is placed between the weight and power, 
hut much nearer the weight than the power. 2. Where the 
prop is at one end of the lever, the power at the other end, 
and the weight between t){em. 3. Where the prop is at 
one endt the weight at the other end, and the power applied 
between them. 4* The bended lever^ which differs from a 
lever of the firft fort only in being bent. Levers of the 
firfl and fecond kind are often ufed in mechanical engines ; 
but the third kind are feldom ufed, as ho power can be 
l^inedbythem. 

Wlien the power is at tfa^ fiune diflance from the prop as 

the 
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the weight iS| and the power and weight are both alike^ the 
Machine will remain in equilibrium, and no power can be 
gdned. This is the principle upon which the common 
balance is formed. Let C D (/tg. 14, /late 19V be a beam 
or lever, £ the middle point, or centre of motion, which 
Duy be conlidered as the prop ; A B two weights hang^g at 
the ends C and D ; then, whin the machine is fufpended at 
the point E, and put in motion, the pobts C and D, bebg 
cquidiftant from £, will defcribe equal arches, therefore 
their velocities will be equat; and if the bodies A and B be 
alfo equal, then the motion of A will be equal to that of B, 
as the velocides and quantities of matter are equal ; and con» 
fequently, if the machine be at reft, neither of the weights 
can move the other, but they will remain ih equilSbriunu 

The ufe of the bahnce or common pair of fcales, is to 
compare the weights of diffetent bodies ; for any body, whole 
weight is required, put into one fcale, will be balanced by a 
body of ^he fame weight, put into the other fcale. 

In order to have a pair of fcales perfed, they (bouU poiiefi 
the following properties: — i. The points of fufpenfion of 
the fcales, and the centre of motion in the beam C, £, D, 
mud be in a right line. 2. The arms C E and D £, mufi 
be of equal length, 3. The centre of gravity muft be in 
the centre of motion £. 4. There lliould be as Uxtlc fric- 
tion as pof&ble. 5. The fcales muft be in equilibrium when 
empty. 

If the centre of gravity of the beam be above the centre 
of motion, and one end of the balance be put lower thao 
the other, that end will continually defcend, dll it be fiopped 
at the handle H ; but if the centre of gravity of the bcun 
be below the centre of motion, the balance will preferve an 
equilibrium. 

Hence, to examine a pair of fcales, let the weights in the 
two fcales be in equilibrium, then change the weights to the 
contrary fcales, and if they remain in equiliSriumi the ba* 
lance is true, otlierwITe it is faUe. 

Let 
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Let ABC (fig. I, plate 19) reprefent a lever of the firft 
kind, fupported by the prop D ; the partr A B and B C, oa 
each £de of the prop D, axe called the arms of the lever; 
the end A of the ihorter arm A B ia applied to the weight 
to be raifedy and the power is appUed to the end C| of the 
other arm B C. The principal u(e of this lever is to looiea 
large fiones which are fixed in the ground, or to raiib 
great weights to a fmall height,' in order to place roUera 
under them, or ropes for railing them higher by other 
machines. 

In this lever, the ihorter arm A B fbould be as much 
thicker than the longer arm B C, as will be fqfficient to 
balance it on the prop D. Thus,' if P reprefent a power 
whofe weight is equal to one ounce,' and W a weight of 
twelve ounces, and if the power be twelve times &rthcr 
from the prop than the weight is, they will exadly counter* 
poiie each other ; and a ftnall addition applied to the power ^ 
P will raife the wdght W ; and the velocity with which the 
power defcends will be to the velocity with which the weight 
riies, as la is to i ; that is, directly as their diftances 
from the prop; and confequeotly, as' the fpaces through 
which they move. Thus, it is evident, that if a man, by* 
bis natural (Irength, could lift an hundred weight, he wiU^ 
by a lever of this fort, be able <o raife twelve hundred 
weight. If the weight be lefs, or the power girater, than 
in the foregoing cafe, the prop may be placed fo much 
farther from the weight, and then it can be raiied to a 
proportionably greater height by the fame addition of 
force : but if the weight be.greater, or th( power lefs, the 
prop fhould be placed fo much nearer the weight. For, 
univerfally, if the gravity of the weight, muhiplied by 
its diftance from the prop, be equal to the gravity of the 
power, multiplied by its diflance from tlie prop, th< 
power and weight will exadly balance ea^h other. Thus, 
if the weight 'W be twelve ounces, and its diflance fron^ 

th? 
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the prop I inch ; the produ^ of 12 multiplied bj i u 12; 
and if the power P be i ounce, and its difhince from the 
prop 12 inches, the product of thefe two it alfo 12; there- 
fore they counterpoife each other. If a power equal to 
ft ounces be appli^ at 6 inches dilhince from the prop, it 
will alfo balance the weight W, for 6 multiplied by 2 is ib» 
And if the power be 3 ounces, and placed at 4 inches dif- 
tance from the prop, it would alfo balance the weight W, 
for 3 times 4 is 12. And the like in any other proportion. 
A poller (lirrlng a fire is a lever of this kind ; the bar upon 
which it reds is the prop, the hand applied to the end of 
it is the power, and the incumbent coals on the other end 
the weight. Several forts of inftruments are formed of 
two levers of this kind, as, fciHarSi fnuffers, pincers, &c. ; 
the prop, or centre of motion, is the pin which holds them 
tx)gether. 

The fiatera^ or Roman (leelyardi is a lever of this ](ind, 
and is ufed to find the weight of any body by one fingle 
weight, placed at different diftances from the prop. G X 
(fig, 13) is a (leelyard, fufpended by the hook O, from the 
centre of motion D ; the (hotter arm D G is of fuch a 
weight as exa^ly to counterpoife the longer arm D X; if 
this longer arm be divided into as many equal parts as it 
will contain, and each part equal to O D, the fingle weight 
P will wcTgh any body as heavy as itfelf, or as many times 
heavier as there are divifi6ns in the arm D X. Thus, if the 
weight P be one pound, and placed at the firfi divifion i, 
in the arm D X, it will balance one pound in the fcale W; 
if it be removed to the fecond divifion at 2, it will balance 
two pounds in the fame fcale ; if to the third, three pounds, 
&c. And if each of thefe integral dlvifions could be divided 
into as many equal parts, as a pound contains ounces, then 
the weight P, placed at any of thefe fubdivifions, would 
(how the odd ounces, over and above the number of poundi 
of the body in the fcale. 

The 
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The fecond kind of levers hate the weight between the 
pffop aiid the power (fig. a). In this, as well at the farmei^ 
Ae adrantage gainedi is as the diilance of the power from 
Ae propv to the diftance of the weight from the prop; and 
tbt rules for computing the force of thb lever are the finne 
with thofe of the fomner. Thus, tf W be a weight of £jc 
ounces, hanging at the diihoce of one inch from the prop 
G, and P a power or weight ^ ^^^ ounce, hanging at the 
end B, Bx inches diftint from the prop (by the cord C D 
running over the fixed pulley £), the power will jofl fupport 
die weight : and a finall addition to the power w^l raife the 
wdgfat one inch for every fix bches that the power defcendl. 
Thus the power aAs with the fame force upon the weight, as 
it would do, if the weight were at the fiune diftance from the 
prop, and on the other fide thereof, in which cafe it would 
be a lever of the firft fort. 

Two men carrying a burden upon a £d€k exhibit a fpe* 
cimen of a lever of this kind ; and the portion of weight 
borne by each man, b in proportion to his diftance from the 
weight. In yoking two horfes of an unequal ftrengdi to 
draw any load, the pobt of taction is placed as much nearer 
10 the flroi^er horfe than to the weaker, as the ftrength of 
-the former exceeds that of the latter. 

Of this kind of levers are oars, rudders of fliips, doors 
turning upon hinges, cutting knives fixed at the point, kc 

The third kind of lever has the power applied between 
the weight and the prt^, in which, in order that the power 
may counterpoife the weight, the gravity of the power muft » 
exceed that of the weight, as much as the diftance of the 
weight from the prop exceeds the diftance of the power from 
the prop. Thus, if E (/^. 3) be the prop of the lever A B, 
and W a weight of one pound, which is placed three times 
at far from the prop as the power P, which ads at F by the 
cord C going over the pulley D ; the power P muft be three 
pounds, to counterpoife the weight of W of one pound; 
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and fbr evety inch the power P defcendsy the weight W will 
afcend three inches, &c. 

Levers of this kind are very little ufed, becauie they g^TC 
no advantage in point of force, though they give an advaa« 
tage in point of motion ; but in fome cafes they become 
neceflary, as in raifing a ladder agaiiift a wail, iu which cafe 
the foot of the ladder, which is fixed ag^inft the ground, la 
the prop, the man's hand who raifes it, the power, and the 
whole length of the ladder, from the hand to the upper endt 
is the weight* 

The bones of a man's arm are likewife levers of this kind 1 
JDr the mufcle which raifes the arm, is fixed to the boae about 
a tenth part as fiir below the elbow as the hand is. There- 
fore the elbow may be confidcred as the prop upon 
which the lower part of tlie arm turns, and the mufcle muil 
confequently exert a force ten times as great as the weight 
which is railed in the hand. 

The fourth kind of lever has all the properties of the firft 
kind, and differs from it only in being bent, which is done 
for the fake of convenience. A C B 0^. 10) is a lever of this 
fort, bent at C, its prop or centa* of motion ; W tlie weight, 
and P the power acting at A, over a pulley by means of the 
cord D, As the mechanical power of this lever is the fame 
with that of the firft fort, it need not be repeated. A hammer 
drawing a nail is a lever of this fort. 

The fecond mechanical power ic the tiJuelsnd axU (fig. 4), 
in which the power is generally applied to the drcumfereoa 
of the wheel, and the weight W to that of the axle ; the weight 
being raii):d by a rope winding round the axle as the wheel 
jturns round. In this inftrumeiit it is evident, that the velocity 
of the power muft be, to that of the weight, as the drcuraiis- 
rence of the wheel is to the circumference of the axle: and 
the power gained is in proportion to the circumference of the 
wheel to that of the axle. Therefore, when the gravity of tbc 
power is to tlwt of the weight, as the circumference of the 
axle is to the circumference of the whee^ the power and 

weight 
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weight wiU balance each other. Agaii^ let A B be a wheel, £ D 
the axle, and the ciraimference of the wheel dght times 
as great as that of the axle ; then a power P of one pound 
weight hanging by the cord I, which goes round the wheel, 
will balance the weight W of eight pounds hanging by the 
rope K, which goes round the axle ; and a fniall addition 
to the power will caufe it to defcend and raife the weight ; 
but the weight will rife with only an dghth part of the 
velocity wiierewith the power defcends ; and confequently 
will move through only an eighth part of an equal fpace 
in the fame time. If the wheel be pulled round by the 
handles S S, the power will be increafed in proportion to 
their length. 

In this mechanical power the radius of the wheel and the 
oppofite radius of the axle may be confidered as the longer 
and (horter arms of a lever of the firft kind, the centre of the 
axle being the prop. 

Sometimes the wheel, or the axle, is indented, or cut into 
teeth, which have another wheel working in them, as in 
jacks, clocks, mill-work, &c. by which means the)* give a 
Biuch greater mechanical force. To compute the power of 
a combination of wheels, multiply the radii of all the axles 
continually together, as alfo the radii of all the wheels; 
then, as the former product is to the latter, fo is a given 
power applied to the circumference of a wheel to the weight 
it can fuftain. For example : in a combination of &yc wheels 
and axles, to find the weiglu a man can fuftain or raife^ 
whofe force is equal to 1 50 pounds, the radii of the wheels 
being 30 inches, and the radii of the axles three inches. 
Here 3 multiplied four times into itfelf, produces 243 ; and 
30 multiplied four limes into itfelf, produces 24,300,000; 
therefore, as 243 is to 24^300,000, fo is ijoto 1 $,000,000 
pounds, the weight he can fufbin, which is more than 6696 
tons, or above 100,000 times as great a weight as he could 
fu{bun by his own natural force. 

V V % sBm 
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But here it muft be oUerved, that though there is a poodi^ 
gious ffiin of power in thefe combinations of wheels, jet 
there is a great lofs of time ; that if, the weigiit in this cafe 
will move 100,000 times flower than the power; and this 
is true in all mechanical, cafes whatever. 
. The third mechanical power is the pttiUjff or fometimes a 
fyftem of puUies* Sometimes thefe are fixed in a block or 
cafe, which is alfo fixed ; at other times they are in a block 
which is moveable, and rifes with the weight. The fingie 
pulley A (fi^. 9) gives no mechanical advantage, though it 
nuiy ftrvt to change the dire^ion of the power ; but is only 
as the beam of a balance, whpTe arms are of equal length 
and weight ; and is, in h&f but another form of the ba« 
lance. 

The fyftem of pullies is reprefented ^. 12, where the 
four pullie9 are ^ened to an immoveable block above; 
three of them, A, B, C, by the three diftinft cords runnug 
under them. The power of this fyftem of pullirt is dif- 
covered by fupp^kfing W a weight of 16 pounds, fufpended 
from the pulley C, which is alfo fufpended by the coid C, 
one end of which is faflened to the block above^ and the 
Other end fupported by the pulley B ; therefore the pulley 
B fnflains only half the weight of the weight W, or eight 
pounds ; the other half being fuftained by the cord C, fixed 
to the block. Then the cord B, which goes under the 
iecond pulley, fuflains the weight of eight pounc^ which is 
alfo divided, four pounds being fuftained by the cord B| 
fixed in the block above, and the other four pounds by tbs 
next pulley A* This next pulley A alfo has its wdgfat 
divided, one half bejng fupported by the cord A fixed ta 
the block, and the other half fupported by the fmall pulley, 
which fmall pulley again divides the weight it f\ippoiti : lb 
f hat the power P is equal to only one pound, wlucb wiU 
^ounterpoife the weight W of 16 pounds. 

The vdocity of the weight to that of die power is as die 

granty 
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gravity .of the power is to that of the weight. Tlius if P 
' deicend eight incheS| A will afcend four inches, B two inchesi 
G one iiichi and W half an inch. 

A» By C, D, (fig. 1 1,) are four puUies, two c^ whtch, A 
and B, are in a fixed block X ; the two others, C and D, ii^ 
a moveable block. Here the wdght W is raifed by pulling 
the cord at P, which goes fucceffivdy over the four puUiei^ 
and is fiaftened at the end to the fixed block at f. The 
fMirchaie of this machine is feen to be as 4 to i, for P b 
iiiftaiiied by the fingle cord; but W by four folds of the 
cord, via.— «| J^ sr, i^ fo that if P be one pound, W will 
be four. 

The velocity of the power to that of the wright is alfo, as 
in the former cafe, as the gravity of the weight to that of 
the power, or as 4 to i ; for when P defcends four inches, 
the parts of the cord at k will afcend four inches towards e^ 
and all the other parts of the cord will equally follow each 
other; and as there are four folds in the cord, viz. t, /, a^ i^ 
they will each of them be ihortened one inch, and C or W 
will be {o much raifed. 

In the iixat n»nner the purchafe of any combinatkm of 
puUies may be determined ; for the momenta of the wdg^t 
and power will always be equal; as in the other mechaaical 
powers. 

The fourth roechamcal power is the melinedplam. In this 
madune the advantage g^ncd is' as great as its length ex^ 
ceeds its perpendicular height. Let A B (fig. $) be a phne 
pvallel to the horiion, and C D a plane inclined to it; if 
the length- C D be threetimes as great as the perpendicular 
height OP, the cylinder B will be fupported on tbepblie. 
C Dy by a povMr equal to a third part of the mglit 'of 
Ae cylinder; or, it may be rdUol np'therpbnewith artUfd* 
pan of xkk pdwer, which would bt fuffidentto draw it upt 
the fide^f tan upright wall. If the plane werp four times as 
long as the perpendicular height, it would require only the 

fourth 
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fourth part of the powrr ; and fo cm in proportion. The 
ufe of this power is to raife a great weight to any emi* 
nencei which is ufually done by pufhing it up a (lout 
planki fet Hoping to the place deHgned; and fuch plank, 
or other contrivance fimilar thereto, is called an inclined 
phne. — Now it is evident, the fteeper the afcent is, the more 
difficult it is to puOi any weight up it; ind the more the 
afcent inclines to the horizon, the eafier the weight may be 
puOied up. This is evident from the eafe with which a 
rolling weight is forced up a hill, that rifes gently, while it 
is fo difficult to roll the (ame weight up a hilt which is very 
ftcep. 

The force wherewith a rolling body defcends upon an 
mdined plane is to the force of its abfolute gravity, as the 
height of the plane is to its length. Thus, if the perpendi- 
cular height G F of the plane be equal to half its length A B, 
the cylinder £ will roll down the plane with a force equal 
to half its weight ; and it would require a power equal to 
half its weight to fuftain it. If the plane be fo much ele- 
vated as to be perpendicular to the horizon, the cylinder £ 
would defcend with its whole weight, becaufe the plane 
contributes nothing to its fupport or hindrance. 

In an inclined plane, a power ads to the greateft advan- 
tage, when its diredion is parallel to the furfsice of the plane. 

The wedge conftitutes the fifth mechanical power, and 
may be cbnfidered as two equally inclined planes, A D F 
(fig. 6) and C fi F joined together at their bafes F O; 
then D C is the whole thicknefs of the wedge A B C D, or 
the back of the wedge, where the power is applied ; £ F the 
height or depth, D F the length of one of its £deS| equal 
to C F, the length of the other fide, and O f to (harp edge» 
which is driven into the wood intended to be ^it by the 
force of a hammer or mallet (Inking on its back. Thus, 
A B is a wedge (fig. 7) driven into the cleft C £ D of the 
wood l^G. 

The 
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The power galoed by the wedge b in proportion to the 
length of the flant fide to half the thicknefs of the back. 
Thus, if the back of the wedge be two inches thick, and 
the fide oo inches long, any weight performing on the back 
will balance 20 dmes as much acting againfl the fides. To 
ufe a wedge to the greateft advantage, it ihould be forced, 
not by prefiure, but by percuffion, as by the blow of « 
hammer or mallet ; by which means a wedge may be driven 
in below any weight, and fo made to lift it up, as the largeft 
ihips, &c« 

The wedge has a Tery great mechanical force, and effefb 
wliat would be impoffible by the lever, wheel and axle, or 
pulley; for the force of tlie blow fiiakes all the adjaceiit 
parts, and thereby makes them feparate more eafily ; fo that 
CkOt only wood, but even rocks, can be fplit by it. 

To tlie wedge may be referred the axe or hatchet, the 
chifel, the fpade and fhovel, knives of all kinds; as alio 
the bodkin and needle^ and all fort( of inftruments which, 
beginning from an edge or point, become gradually 
thicker. 

Tlie fixth, and lad mechanical power, is they^^w, which 
is not properly a fimple machine, becauf* it cannot be uled 
without a lever to turn It,, called the winch or handle* It is 
a compound engine of very great force, and is a kind of 
perpendicubr or endlefs inclined plane, Hill farther aifiiled 
by the power of the handle or lever: and the gain of power 
is in proportion of the circumference defcribed by the power 
to the diHance between one thread and the next in the 
fcrew. 

Thus, let C be a wheel (fig. 8), having a fcrew at, ou 
its axis, working in the teeth of the wheel D, which fiy>poije 
to be 48 in number. Then it is evident, that for one revo- 
lution of (he wheel C, fcrew a ^, and winch A^ the wheel D 
will be moved one tooth by the fcrew : and therefore in 4^ 
revolutions Qf the winch A, the wheel D will be turned once 

round. 



found. Then if the circumference of the circle defaibed 
by the handle of the winch A be equal to the circuitifertDoe 
of a groore round the wheel D, the velocity of the handle 
will be 48 times as great as the velocity of any given point 
in the groove ; confequendy, if a line G goes round die 
gynove 6, and has a weight of 48 pounds fufjpended hmn h^ 
below the pedeftal E F, a power equal to one pound at the 
handle will fupport this weight; or, if a groove be made in 
the wheel C, equal in radius to the circle defcribed by the 
handle, the weight H of one pound, fufpended therefrom by 
m line in the groove, will bakince the 48 pounds, as before. If 
the line G, inftead of going round the ghoove of the wheel 
D, go round its axle I, the power of the machine will be as 
much increafed, as the circumlerence of the graove eaoeeds 
that of the axle, as (hewn under the wheel and axle. And 
If a iyftem of pullies were applied to the cord H, the power 
could be increafed to an amazing excefs. 

The ufes to which the fcrew is applied are various ; it is 
chiefly ufed for prefiing bodies dofe together, as the prefles 
for bookbinders, packers, hot*preflers, &c. 

The fri^ion in the fcrew is very confiderable, as it is 
alfo in the wedg(, which generally requires a third part 
more of the power to work them when loaded, than what 
fs fufKcient to confthute a balance between the weight and 
power. 

If nuichines or engines could be made without fridioui 
the leaft degree of power above what is foffident to balance 
the weight, would be fuflicient to raife it. In the lever the 
friction is little or nothing : in the wheel and axle it is but 
fmal! : in pullies it is confiderable : and in the inclined pUne^ 
wedgt^ and fcrew, it is very great 

Wood greafed, or metal oiled, have nearly the fame fric- 
tion I and the fmoother they are, the Icfs is their friaion^ 
provided they be not too highly poiifhed. In polifhed ficd 
moving upon polifhed fleel or pewter, the fiidioa is about a 
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fourth part of the weight, on copper a fifth part, and on 
brais a fixth part of the weight : iron or fiieel running in 
brafs has the leaft fri&ion of any. And metals of the fame 
fort have more fri^on than different forts; and in general 
the fridion increafes in the fame proportion with the weigh^ 
but is greater with a greater velocity. 

The fii£Hon in puliies is now almoft reduced to nothing, 
by the contrivance of Mr. Gamett, in his patent fndioa 
rollers, which produce a great f^ving of labour and expenfe^ 
as well as wear of the materials, both when applied to puliies 
and the axles,of wheel-carriages. By this contrivance, there 
b a hollow fpace left between the nave and axle, or centre 
and pin-box, which is filled up by folid equal rollers, nearly 
touching each other, and fumKbed with axles, each of which 
is inferted into a circular ring af each end, by which their 
relative diffauiccs are preferved ; and they are kept parallel 
by means of wires fiiflened to the rings between the rollers, 
and to which the wires are rivetted. 

It is a general property in all the mechanic 'powers, that 
when the weight and power balance each other, if they be 
put in motion, the p6wer and weight will be to each other 
reciprocally as the velocities of their motion ; or the power 
is to the weight as the velocity of the weight is to the velo- 
city of the power; fo that their two momenta are e^ual: 
viz.— The produ^ of the power, multiplied by its velocity, 
is equal to the produft of the weight multiplied by ite velo- 
city. And hence the general rule : viz. Tfiat what is gained 
in powa is lo/t in time^ For the weight moves as much flower 
as the power b lefs. 



v:di. t^ 00 SECT, 



a82 OF MBCUANICS. 



«!■ 



SECT. II. 

OF THE APPLICATION OF THE POWERS TO MILLS 

AND MACHINES. 



In prdcr to difcover the properties of any machine con- 
nUiiig of the mechanical powers, it is neceflary to" coofidcr 
tbc weight that is to be raifed, or tlie rcfiflancc to be orcr- 
comc ; and alfo the power required to raife the weight, or 
overcome the refinance. For this purpofe, thcrc^are two 
principal problems, the refolution of which is requifite to. 
(how the powers of ai-y engine.— The firft problem is, 7# 
Jctermine the proportion that the p^^ccer and weight ought to 
have to each othei\ that they may he in the jufi equilibrium^ — 
The fecond is. To determine vJiat the pro^iOTtimi JkoulJ ht 
hetioeen tlte /loiver ami ivn^hfy tLii the machine mey fH'oduce the 
great eft effe^ in a givt n time. 

The firft probh m i:; folved by this general rule, viz. — 
That the power and weight fuftain each other, or are in 
equilibridm, wheii tlie power and weight are reciprocally 
proportional to the diftances of the dire<5lions in which they 
a6t from the centre of motion ; or when the produd of the 
power multiplied by the diftnnce of its direction is equal to 
the produ^ of the weight multiplied by the didance of its^ 
direction. This is the proportion of the weight and power 
when they are in equilibrium, fo that the one would not pre- 
vail over the other if the engine were at reft; and if it be fd 
in motion, it would continue to proceed uniformly if there 
were np fridtion of its parts and other reCftances. And in 

gpncral 



OF MECHANICS. 283 



general the effeft of any power or force is as the produd 
of that force muhiplied by the difbnce of its dire<fHon 
from the centre of motion ; or the product of the power, and 
its velocity when in motion, for the velocity is proportional 
to the diflance from that centre. 

The fccond general problem in Mechanics, is of the 
greateft importance, though it has been lilllc attended to 
by meclianical writers, viz.— To determine the proportion 
between the power and weight, fo that when the power 
prevails, and the machine is in motion, the greatefl effect 
poifible may be produced by it in a given time. When the 
power is only a little greater than what is fufficient to fuilain 
the weight, the motion is ufually too flow ; and though a 
greater weight be raifed in this Q^fe, it is not fufficient to 
compenfate for the lofs of time. And when the power is 
much greater than what is fufficient to fufhun the weight, 
the weight is raifed in lefs time ; but it often happens, that 
this is not fufficient to compenfate for the lofs which arifes 
from the load being reduced; therefore, the only general 
rule that can be given is, to find when the produA of the 
weight, multiplied by its velocity, is the greateft ; for this 
produA meafures tht effect of the machine in a given time, 
which is always greater in proportion as both the weight and 
velocity are greater. 

In the conflru6tion of compound machines, where it is 
neceflary to alter the dire^ion of the motion, recourfe muit 
be had to what is called bevel gecr^ the principle of which is 
as follows : — **" ; 

Let A and B (fig. 15) be two cones revolving on their 
centres a c and a b ; if their bafes be equal, they will each 
perform their revolution in the fame time; and any two 
points in each cone equally difbnt from the centre, as d i, 
d 2, d 3, &c. will revolve in the fame time as f i, f s, f 3, 
&c. refpe£lively. But if one cone be twice the diameter of 
the other, as the cone a d e (fig. 20), which is twice the 
diameter of the cfone fad, then as they turn upon their 
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centres, when the cone a f d has nnade one revolution! the 
cone a d e will havt made but half a revolution, and tvcry 
part in each cone, equally diHanc from the centre a, will 
have the (ame proportion in their revolutions to each other, 
as f I, f 2, f 3, &c. will have made two revolutions to the 
points e 1, e 2, e 3, &c. for one revolution of the other cone 
refpe6tively, &c. Now, if the cones are fluted, or have 
teeth cut in them, diverging frotti the centre a to the bafes 
d e, df (fig. 16), they would then become bevel geer. 
The teeth at the point of the cone being fmall, and of 
little ufe, may be cut off; or, infiead of the two cones, may 
be ufed two ihafts, with bevel wheels fixed to them, as the 
fhaft a b (fig, 18), with the bevel wheel c d, which turns 
the bevel wheel e f, with its fhaft b g, and the teeth work 
freely into each other, as in figure 16. The teeth nuiy be 
made of any dimenfions, according to the flrength required, 
and by this means a motion may be communicated in any 
dire6Hon, or to any part of a building, with very little 
trouble and fridion. 

The method of conilru^ling the wheels for any propor- 
tion, is as follows :*-Draw the line a b (fig. 21) to reprefent 
a (haft of a wheel ; draw the line e d to interfeft the line a b, 
in the dire6^ion that the motion is to be conveyed, and the 
line e d will reprefent the other fhaft of the motion. 

Then fuppofe the fliaft e d is to revolve three times in 
the time that the fliaft a b revolves once ; draw the parallel 
line i i at any diflance, from a fcale (fuppofe one foot) ; then 
draw the other parallel line k k at three feet diflance ; after 
which, draw the line w x through the interfe^ions of the 
two fhafts a b and e d, and likewife through the interfe^ions 
of the two parallel lines i i and k k, in the points x y, which 
will be the pilch line of the two bevel wheels, or the lines 
where the teeth of the two wheels ai5l on each other, as may 
be feen in figure 19, where there are three wheels. 

Where it is required to communicate a continued uniform 
motion, and where the angle does not exceed 40 d^rees, 

and 
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and alfo where the equality of the motion is not regarded, 
the tiniverial joint may be ufed (fig. 22) inftead of the bevd 
^eer. This joint may be conflruded by a crofs, as fhown 
in the figure; or with four pins failened at right angles 
upon the drcumference of a hoop, or folid ball. Thb it 
of great ufe in (bme machines, where the tumbling (hafb 
are continued to a great diftance from the moving power^ 
as it is in cotton*mills« The ihafts, by applying this joints 
may alio be cut to any length, whic)i is a great advantage 
where there is much refifhmce. 



CHAP. XVL 



OF ELECTRICITY. 



SECT. I. 



THB FJlACnCAL FIRT OF SLBCTRICITT. 



The earth, air, and all terrefirial bodies ait fuppolcd to 
contain a certun quantity of an ehftic fubtle fluid, called 
by philulbphcrsi the Mhicjhiidi and when any body poT- 
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kfkt more or lefs of thb fluid than what naturally belongs *to 
Ir, i«veral eSe<^s are vifible in it, and the body is fiiid to be 
electrified. 

This certain quantity of elc6lric fluid found in all bodies 
could never be increafcd or diminidied, if all bodies admitted 
the pafTage of this electric fluid through their pores or along 
,their furfaces; but there are many bodies which will not 
fuffer this fluid to pafs through thetn, while others freely 
jVennit it. Tbofe bodies through which the eledric floirf 
can pafs are called con Jurors of electricity, of which the roofi 
perfedt are metals of all kinds. And thofe bodies through 
which the electric fluid cannot pafs are called mn^cwdu^on 
of electricity! of wiiich the mod perfect are glafs» refia, 
ftaling-wax, fulphur, bees-wax, and baked wood, among 
folids; and oils and air, among fluids. But all fubftances 
become conductors when tliey are made very hot. Con- 
dnCting fubflances are alfo called noa-ek^icsy and non-con- 
duCling fubflances are Called ele^rics^ Into thefe two claflcs 
all bodies are divided by eleClricians. 

When any body has acquired an additional quantity of 
eleCtric matter, and is furrounded with other bodies through 
which the elcCtric fluid cannot pafs, or non-conduCtor^ it muil 
remain overloaded ; or if it have loft part of its natural fhare 
of eleCtric matter, it muft remain exhaufled ; becaufe the 
bodies whi^h furround it prevent any of the eleCtric fluid 
from entering or coming out of it, and the body is then faid 
to be infulated. 

There are two principal theories of eleCtricity, each oi 
which has had its advocates. The one is, that of two 
diftinCt eleCtric fluids, rcpulfive with refpeCt to themfclvcs 
and attractive of onc^ ahcrth^r; 'ayo^tetf bf M: Du Fay, on 
difcovering the two oppofite fpecies of eleCtricity, viz. the 
'oituous and refnousy which is fincc newnnodelled by Mn 
Symmer; Upon this hypothefis thefe two fTuIds arc equatfy 
attracted by all bodies, and exift in intimate union in their 
pores ; and in this (tatc they fhow no mark of their exifleiice. 

But 
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But the friction of an de6tric body again (I a rubber feparates 
tbefe fluids, and caufes the vitreous de£tricity of tlic rubber 
to pa(s to the eledhic, then to the prime condudor of the 
macbinei while the refinous eledricity of the condu&or and 
ele^ric is communicated to the rubber : thus the quality of 
the eledric fluid pofledBd by the condu£tor and the rubber 
is changed, while the quantity remains the fame ia each. 
In this feparated flate the two electric fluids will exert their 
refpe^ive powers ; and any number of bodies charged with 
either of thefe may repel each other, attract thofe bodies 
that have le(s of each particular fluid than themfelves, and 
be ftill attradied more by bodies that are .eitlier only deilitute ** 
of it, or loaded with the contrary. In this theory the electric 
fpark make:: a double current ; one fluid pafling to the elec* 
trifled conduilor from any iubftance prefented to it, whjie 
the fame quantity of the other fluid pafles from it; and when 
each body receives its natural quantity of both fluids, the 
balance of the •two (towers is reflored, and both bodies are 
unele^rifled. 

The other theory, and that which is commonly received^ 
is tluit diflinguiflicd by the name of pcfitive and negative eke* 
tricUy^ fuggeflcd by Dr. Watfoii, and demonflrated by Dr. 
Franklin; in which it is fuppofed, that all bodies poflefb a 
certain fliare of one and the fame fluid, which is extremely 
fubtle and elaflic, by which the particles of it are flrongly 
attracted, as they are repelled by one another. When bodies 
poflefs their natural fliare of this fluid, they are faid to be 
in an unelcclrifled flate; but when the equilibrium is de- 
ftroyed, ami they have an additional quantity from other 
bodies, or when they iofe part of their natural fhare by the 
communication to other bodies, they then become cledrifled, 
and exhibit ele^rical appearances ; ^which are generally tiie 
fame in both cafes. In the fornltr c^fe they are faid to be 
ele^rificd pofltively, or plus) and in the latter cafe nega- 
tively, or minui. It is alfo fuppofed, that ele^rics always 
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contain an equal quantity of this fluid ; fo that there can be 
no increafe on one fide without a proportional deoeaie or 
lofs on the other, and vice verfit. And as the eledric will not 
fbffer the fluid to pafs through its pores, there will be an 
accumulation on one fide, and a correfpondin^ deficiency on 
the other; then, conne6Hng both (ides together by proper 
oondudors, the equilibrium will be reffored, by the rufhinj 
in of the redundant fluid from the overcharged furface to the 
exhaufted one. Thus, if an ele(^nc be rubbed by a con- 
du6Ving fubflance, the electricity is only conveyed from one 
to the other, the one giving what the other receives : and if 
one be elcftrificd pofitively, the other will be ele^fied 
negatively, unlefs the lofs be fupplied by other bodies con- 
ne^ed with it, as in the cafe of the ele6h-ic and infulated 
rubber of a machine. Thus, bodies differently eledrified 
will naturally attra<^ each other, till they mutually give'and 
receive an equal quantity of the eleClric fluid, and then the 
equilibrium between them will be reftored. 

The method of diflurbing the equilibrium of the eleAric 
£uid in bodies, or of making it pafs from one to another, is 
chiefly friftion, or a flight rubbing of them one againfl the 
other; when the ele6lric fluid will generally leave the rougher 
furface, and pafs upon the fmoother ; or it leaves the Icaft 
perfeft ele(5lric, and pafl^es to the more perfect one of the two. 
Thus, if a fmooth glafs tube (fig. i, plate 20) be drawn 
through the hand, the effed of the fri<^ion makes the ele^ric 
fluid leave the hand and pafs to the glafs tube, wluchil 
the more perfe^ electric of the two, where it will remain In 
addition to its natural quantity. For the eleftric fluid cannot 
pofTibly leave the glafs, becaufe neither the glafs nor the fur- 
rounding air are condu(9^ors of electricity ; but if a conduCHng 
fubfhnce, as the finger, or a piece of metal, be prefented to 
any part of the glafs, the eleCtric fluid will leave the glaft 
and pafs into them ; and if the finger, or metal, be preientei 
to every part of the tube fucceflively, the whole of the re- 
dundant fluid will leave the tube, and it will retain only its 
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SMtufal (hare. Hqre the glafs is (aid to be extitu^ becauie 
the fridioQ jGeems to excite the eledric power which was ia 
the glafs. 

In the fame manner the fri^on of the glafs globe agunft 
the rubber in the eledrical machine makes the eledrical 
fluid which was in the rubber pafs to the glafs, from whence 
it is conveyed to the prime condudor, the points of w^ch 
are prefented to every part of the globe in fucceffion, as it it 
turned in the machine; and as the fridion is coatinned, 
there will be a confiant fupply of eledric fluid to the prime 
condu£tor (though other bodies be prefented to it), and keep 
difcharging all the while in vifible fparks. The hand, in the 
former of thefe cafes, and the rubber, in the latter, part 
with their natural fhare of eleftric fluid to the glafs agtdnft 
which they are rubbed, but receive an immediate fupply 
from the condu£ting fubfiances to which they are cobneded; 
and thefe are again fupplied by the general mafs of fluid that 
is in the earth. 

Again, if a flick of fealing-wax, a piece of fulphur, or a 
lube of rough glafs, be drawn though the hand, the eledric 
fluid bdongjuig to them will pafs from them to the hand^ 
and being furrounded by the air, which is a non-condudor^ 
they remain exbaufled, and are ready to take fparks of elec* 
trie fire from any bodies prefented to them. The fulphur, 
fealing-wax, &c. in this cafe are faid to be excited, as well 
as the glafs, which was overloaded with fluid, though the 
flate they are in be the reverfe of one another. It is impof* 
fible to difUnguifh by the eye the courfe of the eleftric mat* 
ter, its velocity is fo great. 

There are a variety of inventions for the conflru&ioQ of 
the eledrical machine, but the mofl fimple b that repre* 
fented in figure a, which, by reafon of its fimplicity, is not 
liable to be put out of order, as it has ndtber wheel nor 
ihing, though both might be attached thereto, if required* 
It may alfo be fixed firm on a tables and cafily taken off: 
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the globe m^ alfo be taken out with the gmtcft eafe, in 
order to be 'picked up. This machine is the fame as that 
ufed by Dr. Priedley ; and when the infide of the globe it 
lined with his oMnpofition following, it will produce mure 
fire than any of thofe in common ufe. 

A b the bafc, which is a piece of mahogany about nine 
inches fquare, and i| thick, in which is fixed the pedeftal B, 
to fupport the globe G, which is fixed in an iron axle C, to 
which is fixed a brafs cap. The globe Is turned by the 
handle H running in the brafs focket E ; R is the rubber, 
made of wood, cut to the curve of the globe, and covetvd 
whh a leather covering, which is at a little diftance firom the 
wood in the nuddle of the curve, that it n»y the better yield 
to the preflure of the globe. 

Over this leather is another leather, made to take off by 
moving a pin. On this leather the amalgam is rubbed ; and 
as it is eafily taken off, it is more readily brought into order 
than thofe which are fixed to the rubber. To this leather 
18 fixed a piece of black filk, which extends half round the 
globe^ and greatly increafes the fire ; fo that diis machine 
will give fire well, if the rubber fcarcely touch the globe. 
This machine will alfo fuit anv kind of conduAor. 

For thofe who do not choofe to have the rubber infulated, 
there is a fpring S ; but the more curious may have then 
made with the rubber well infulated by a gUfi pillar that 
will hold the rubber to the back of the globe, as in figure 5. 

Dr. Prie/Uey's Compqfiiitm for limng the Infide 9§ 

GlobeSf or Cylinders. 

This compofidon confifts of an equal quantity of lin&ed 
Oil and refin, which is boiled over a gentle fire for two 
hours. When the globe or cylinder is to be lined, it moft 
be put into an oven, with a fufficient quantity of die com* 
'pofition broken and put into the infide; and when it k 
melted, the globe is turned round every way, in ocdorlb 
fpread it all over equally. h^gd 
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Inftead of the above compofidon, (bine ufe a fnixture 
made of four parts of Venice turpentine, ODe part of refin, 
and one of bees- wax; which is prepared and ufed in the 
(ame manner as the fom^r. 

There are alfo other methods for making anudgam : as, 
I. By four parts of fpelter and fix parts of mercury; 2. 
alfo by adding fix ounces of quickHlver to one pound of 
molten tin, which, when cold and reduced into powder, is to 
be mixed with feveii imoces of fulphur, and fix ounces of 
ial ammoniac : the whole is fublimated in a mattrafs. 

The parts of tlie machine which are infulated (hould be 
varniftied over with a varnifli made of highly rectified fpirits 
of wine and fealing-wax ; as alfo the glafs pillars, in order 
to keep off the moiilure they would imbibe from the damp 

It ib neccfTary for the young practitioner to attend to the 
ioliowing rules in (be performing of his experiments, as it 
will often happen, tl^ai though he be in poflcffion of very 
good infiruments, yet, through fome inadvertencies, his 
experiments will not fuqceed according to bis expe^ation, 
for want of a fufficient praftice in the art. 

1. The eleiftricai machine, coated jars, and every part of 
the ele^ric apparatus, fUould be kept clean, and free from 
duft and moifture. 

2. In clear weather, when the air is dry, aud particularly 
in frofty weather, the machine will always work well : but 
in hot weather, and damp weather (except it be brought in 
a warm room, and the apparatus made thoroughly dry), it 
will not work fo well. 

3. The cylinder ihould always be wiped clean witii a foft 
dry linen cloth that Is warm, and then with a clean hot 
flannel, before the machine be ufed ; then applyiiig a little 
amalgam, turn the winch of the machine, and the eleftric 
fluid will come like a wind from the cylinder to the knuckle,' 
and fome fparks and cracking will foon follow. This indicates 
that the machine is in good order. But if thefe appearances 
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be not prodaoed, there is a fault, which is generally in the 
rubber ; to remedy which, remove the rubber from the glafi 
pilUur, and dry the (ilk part before the fire, then greafe the 
leather with a bit of tallow or mutton fuet. 

4. When the table on which the machine (lands, and to 
ytrhiQh the chain of the rubber is connected, is very dry, it it 
abad condudor, and hinders the operation of the machine. 
The floor, apd walls of the room alfo, in very dry weather 
Inve the fame effe^ on the machine. In this cafe the chain 
of the rubber fliould be conneded by a long wire, with fame 
moift ground, or with the iron-work of a water-pump ; by 
which means the rubber will be fupplied with a fufficient 
quantity of eleAric fluid. 

^. If there be too much i^malgam qpon the {eather of the 
libber, the machine will not work well until a little be 
fcraped off. 

6. If the globe or cylinder contrail any black fpots, as is 
often the cafe, they (hould always be wiped off. 

;. In charging eledric jars, they ihould be made a littio 
warm before they are ufed, and they will produce a greater 
effea. 

8. When a large battery is to be difcharged, never dif- 
charge it through a good condudor, except the drcuit be at 
leaft five feet long, otherwife fqme of fhe jars ifould be 
found broken. 

Tqjhow iheEjffi&sofeleSHcaljittraBionandRepulfixm. 

Sufpcnd a plate of metal F {fig, a) from the condudor, 
which is fupported by two glafs pillars, and fupplied wit^ 
eleftricity from the globe ; and at the diftance of three or 
four inches below this, put another plate P of the fame fizej 
Upon the bottom plate lay a feather, or fmall (lips of paper; 
and when the machine is fet in motion, the feather or the 
papers will be attrafted to the upper plate F, frc/n whkh 
they will be immediately lepelled, and wij^y to difcharge 
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tbemfelvfs upon the lower plate P, whicli is fupportcd on 
the pedeftal G H ; after which they will be attraded and 
repelled agaiit as before, and iiy from one plate to the other 
with great rapidity, if the eledrification be flrong. It it 
ufual to cut the pieces of paper into the figures of men and 
women, when they exhibit a kind of dance, which afibrdt 
fome entertainment to the beholders. 

The elefirical bells are often ufed in concert with the 

ab<^e ejcperiment, and depend on the fame principle. Thefo 

are four bells «, h^ r, </, which hang firom the ends of two 

braft rods {fyr, 5), communicating with the prime condudor, 

and with another bell ^, fixed on a pedeftal A, reaching to 

fhe ground* Between the four bells hang four brafs balls^ 

fufpended by filken ftrings; each of thefe balls hangs between 

the centre bell r and one of the outertnoft bells. The outer** 

moft bells being connected with the prime condu^or by 

braTs chains, are electrified, and attraA th^ brafs balls whic& 

hang between them and the centre bell ; and the attraCtiqn 

being ftrong, each ball ftrikes its outer bell with fome vio* 

lenoe, and makes it ring : being then loaded with eledridty, 

ft is immediately repelled, and flies to unload itfelf by ffai* 

king iipon the centre bell, which is infulated by the gkft 

pillar B upon the pedeftal A, and from which pillar tbfe 

cle6hic matter pailes to the floor, by means of the brafi 

pedefbl A. The balls are then again attracted by the outer* 

moft bells, as befDre ; and thus the ringing may be con* 

tinued as long as necedary. 

Whpn a perfon is to be electrified, and ftands upon a flodi 
with glafs feet, or baked wood (Jig. 7), having the chain 
in his hand, foftened to the prime conductor, he b then (aid 
to be infulated, and may be confidered as part of the prigie 
conductor : for every part of his body will exhibit the fame 
appearance as the priqie conductor. For if the finger of 
any perfon, fhnding upon the floor, be prefented to him, a 
(park of fire will be feen to iflue from him, and both he and 
t|ie perfon who receives it will feel a painful fenfation ; and 
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a fntppiDg noife will be heard. Every part of his body will 
then attrad all light fubftances, as feathers, bits of paper, 
&c. : the hairs of his head alfo, or of his wig, if they happen 
to be loofe, will repel each other, and many of them ftand 
upright. 

Pointed bodies have a remarkable property in electricity ; 
for the more acutely pointed any bpdy i^ the more eafily 
does it take, or part with, eltdric matter. Thus, if a needle, 
or (harp^pointed wire, be failened to the prime conductor, it 
will retain but a fmall degree of electricity, and confequently 
?vill give but a fmall fp^rk when the finger or a piece of metal 
is prefented to it. Again, if the needlp or wife be held iq 
a perfon's hand (tanding upon the floor, and prefented to the 
pondu&or, it will be found to receive but a fniail degree of 
ele&ricity. In the fonner cafe, the needle being in pmtaA 
with jthe prime conductor, the ele^ric fluid ^oes off at the 
point, and is difperfed in the air. In the latter cafe, the 
needle being prefented towards, the condui^or, receives the 
electric fluid from it at a confiderable dj(lai}ce. 

If the (harp-pointed. wire be giving out the eledtric fluid, 
Ihe flame will be larger (for a flame will be feen at the 
point of the needle or wire, if the experiment be made in 
the dark), the paru of which it conflits will be fewer, and a 
foapping noife will be heard, if the point be not very acute; 
whereas, if the pointed wire be receiving tlie eledric fluid, 
fhe flame will be much Onaller and more globular; tlie 
parts of which itconfifts will be more in number, andinltead 
(of the fnapping noife there will be a kind of hiiiing. The 
flame ifluing from a body is called a pencil, on account of 
its oblong fhape; and when the rays come to a point, they 
project more equally from tiie centre ; and it is then called a 
itar. 

As pointed bodies tranfmit the eleCtric fluid with fo much 
eale, it affords an op()ortunity of proving the identity of 
lightning and the elcCtric fluid ; for U a long rod or pole, 
having a iharp-ppinted wire at the end of i:, be fupported by 

cleClric 
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define fubftances, the point projeAing towards the clouds, 
will draw the ele^ric matter from them, and become fenfibl/ 
charged with electricity, as if it had been connected with thd 
prime conductor of an electrical macliine. It will attraCt all 
light bodies, and fparks of eleCtric matter may l>e drawn 
from it; and Sn (hort, it will exhibit every appearance 
of common electricity ; and on the other hand, by common 
electricity may be produced, in miniature, all the known 
effects of lightning. 

This difcovery was effeCted by Dr. Franklin, by raifinga 
kite, called the eU^rical kite ; and formed of a large thin 
(ilk handkerchief, extended and fattened at the four comets 
to two (lender ftrips of cedar, and accommodated with a 
tail, loop, and ftring, io as to rife in the air like a common 
paper kite. To the top of the upright (tick of the crofs 
was fixed a (liarp-pointed wire, extending a foot upwards, 
above the wood ; and to that end of the twine which b nex| 
to the hand, was tied a filk riband. At the junCtion of the ^ 
twine and (ilk was fufpended a key, firom which, when the 
kite is raifed during a thunder-florm, a phial may be charged 
and eleCtric fire collected, as by means of an eleftrical ma- 
chine. From which it ap^ars, that points have i remarkable 
property, both of throwing off, and receiving the eleCtric fluid; 
from whence has rifen that ufeful invention of applying me- 
tallic conductors to houfes or buildings, in order to preferve 
them from the dreadful eSt&s of lightning, a$ will be hcrf; 
after (hown. 
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SECT. II. 
BLBCTRICAL BXPERIIfSMTS. 

I. Th EhUrieal Stmr^^^vT a piece of tio Id the ferni of 
a ftar^ and let it be fupported on its centre by a wire pro- 
jeMng from the prime condu6^or; then, as fooo as the 
machine is fet in motion, and the liar eledrified, a flame will 
appear at the extremity of every point of the ftar, which will 
have a beautiful appearance, if the experiment be made in die 
dark. And if the ftar be made to turn fwiftly on its centre^ 
an entire circle of fire will be feen. This experiment may be 
rendered more diverting, if the operator now and then touch 
the prime conductor with his finger, or a piece of metal ; for 
by thefe means he will malce it difappear, and ippear again 
at plcafure ; for in every experiment, if the prime condudor 
be touched, the effect of the experiment will be flopped. 
And if, inftead of the ilar, two (harp-pointed wires be ufed^ 
with the four ends at right angles, and in the fame planc^ 
but pointed different ways, and turning upon a centre, when 
it is eledtrified, a flame will be feeu at each of the points ; 
, and what is more furprifing, is, that the wires will begin to 
fum round of themfelves, and in the direflion oppofite to 
that to which the points are turned ; and if the dedrificatton 
be continued, the motion will become more rapid. It b by 
this experiment that what is called the eleSrie k&r/e^act ii 
performed ; which is done by cutting the figures oi horfes 
in paper, and faHening them fo that the points of the 
wires may be in their tails ; by which they will feem to 
purfue one another, though without a poffiUIity of any 
one overtaking another. 
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a. T/if dancing Balls, — Prefent the point of a wire, which 
is fixed oo the prime condu6tor, to the infide furface of a 
glafs tumbler, grafping It on the outfide with the hands. The' 
glafs then will foon become charged with elcftric matter ; its 
infide furface acquiring the cledricity from the point of the 
wire, and its outfide furfiace lofing its natural quantity of 
electric fluid through the hands, and which, in this cafe, ferves 
as a coating to the glafs. Then put a few pith balls upoa 
the table, and cover them with this glafs tumbler, and they 
will immediately jump up by the fides of the glafs (fig. 9), 
and continue in motion for feme time, being attracted, and 
repelled, by the eleftric fluid upon the furface of the glafs, 
which they gradually conduct to the table, the outfide of the 
glafs acquiring the ele^ric fluid from the furrounding air. 

3. EU^rics become CtmduHon when made ^.— Tic the filk 
ftring G (fig. 10) to a crooked glafs tube A-E F B, by which 
it may be held ; fill the middle part of this tube £ F with 
refin, fealing-wax, or any other electric fubfiance ; then fix 
the two wires A £, B F, in the feallng«wax, &c. Hold the 
tube over a clear ^t^ to melt the refin or feaiing-wax within 
it ; at the fame tim^ conneding one of the wires A or B with 
the outfide of a charged jar, and touching the other wire 
with the knob of the jar. Then endeavour to tnake the 
difcharge through the refin, wax, &c. and it will be obferved, 
that while the refin is cold, no fliock can be tranfmitted 
through it, but as it mehs it becomes a condu^or ; and when 
perfeftly melteci, f|[p (bocks pafs through it freely : by 
which it may be fccn, that glafs and other elcftrics become 
conductors, when they are made very hot. 

4. The Thundei' Hou/e. — A (fig, ii) reprefents the fide of 
a houfe, being a board about three quarters of an inch thick. 
This is fixed perpendicularly upon the bottom board B, 
upon which is alfo fixed, in a hole in the fame board, the 
glafs pillar C D, about eight inches diftant from the board A. 
In the board A is a fmall fquare hole I L M K, about a 
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quarter of an inch deep, and an inch wide, which is filled by 
anotlier fmall board nearly of the fame dimen/ions ; and made 
to fit eafy in the hole, fo.that it may drop out by any fuddea 
(hock. This fmall piece of wood reprefents a Qiutter, or 
door, in the fide of the houfe A ; L K is a wire fafteoed 
diagonally to this piece of woivi, I H is another wire of the 
fame thick nefs, having a brafb ball H fcrewcd on its upper 
point : M N is another wire, turned into a ring at O. Tbefe 
three wires are all fixed to the board A. From the upper 
extreii/uy of the glafs pillar C D proceeds a crooked wire, 
having a fpring focket F, through which is a double- knobbed 
wire ; the lower knob G falls juft above the knob H of the 
condu^or. The glafs pillar D C muft be fixed ia the board 
loofe, fo that it may be eafily moved round; by which the 
brafs ball G may be brought nearer or further from the ball 
H, without touching the part E F G with the hand. Now, 
when the fquare piece of wood M L I K is fixed in the hok^ 
fo tliat the wire L K may fhind in the dotted line I M, then 
the metallic communication from H to O is complete; and 
the in flrument- exhibits a houfe furnidied with a' proper me* 
tallic conduAor : but if the fquare piece of wood be ib fixed, 
that the wire L K (lands as rq>refented in the figure, then the 
metallic conductor H O, which goes from the top of the 
houfe to the bottom, is interrupted at I M ; in which cafe 
the houfe is not properly fecured. Then let the ball G be 
about half an inch in perpendicular diflance from the btli H; 
and by turning the glafs pillar D C, tffe former ball will be 
removed from the latter ; then by a wire or chain conned 
the wire E F with the wire Q^ of the jar P, and let anocber 
>»'ire or chain, faflened to the hook O, touch the outfide ooat* 
ing of the jar P. Let the wire QJ>e conneded with the prime 
condu(5lor of the machine, and charge the jar; then by turn- 
ing the glafs pillar D C, bring the ball G gradually near the 
ball H, and when they approach fufiicicntly near one another, 
the jar will explode, and the piece of wood M L I K will be 
pulhed out of the hole to a confiderable diftance. In liiii 
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experiment, . the ball G repreients a thuncier-clond, which 
being arrived fufficiently near the top of the houfe A, the 
ele6tricity ftrikes it ; and as the houfe is not fecured with a 
proper condu6tor, the explotion will break part of it, by 
knocking out the piece of wood I M. 

Again, let the piece of wood I M b^ fo (itnated that the 
wire L K may (land in the diredtion I M ; in this cafe, the 
condu6lor H O is not difcontinued ; and repeating the expe- 
riment as before, it will be feeo, that the exploOon will have 
no effeft upon the houfe, as the piece of wood L M will 
remain in the hole unmoved } which (hows the ufefulne(^ of 
a metallic condu^or. The inftrument ufed in this experi- 
ment is called the thunder- houfe, as it (bows the effect 
thunder has upon a houfe, both fecured and unfecured. 

5. The eU^rical Battery — is the mod formidable and en- 
tertaining part of ele^ricity ; and is formed of a number of 
glafs-coated jars connected together, fo that their whole 
force may be united. And if a battery of no great power 
is required, as containing about eight or nine fquare feet of 
coated, glafs, common pint or half-pint phials will anfwer 
the purpofe very well ; but when a large battery is required, 
it is neceflary to have cylindrical glafs jars, of about fifteen 
inches high, and four or five inches in diameter. 

The beft method of coating Ihefe jars, is to coat them 
with tin foil on both (ides, which may be fixed upon the 
glafs with pafte, made of wheat flour; but in coating the infide 
of phials or jars, whofe mouths are not large enough to admit 
the tin foil, brafs filings are ufed, mixed with gum- water or 
bees- wax, &c. And the coatings (hould not come within 
two inches of the mouth o{ the jar, otherwife the jar may 
difcharge of irfelf. Some kind of gla(s is not capable of 
holding any charge : the jars or phiaU (liould therefore be 
examined, before any experiment be performed. 

A very good battery may be formed of twelve jars, coated 
on both fides with tin foil, containing in the whole about 
twelve fquare fleet of coated glafs. In the middle of each 
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jar is a cork thar fuftains a wire, which at the top is fafteiied 
to the wire E, which is knobbed at each end (Ji^. 12), and 
which coon^^ the infide coatings of three jars ; and by four 
(uch wires the infide coatings of all the jars are connected 
together. Each of the wires F has a ring at one end, 
through which one of the wires E pafles ; and the other end 
has a brafs knob, refting on the next wire E. If the whole 
force of the battery be not requ.rtd, one, two, or (hree rows 
of japt may be ufed at pleafure. 1' he wooden box that 
contains thefe jars is lined at the bottom with tin foil. It 
has a hole on one fide, through which an iron hook pafies, 
communicating with the metallic lining, and confcquontly 
with the outfide coating of the jars ; to this hook is faliened 
a wire, the other end of which is conne(fted with the dif- 
cbacging rod. 

The difcharging rod confifts of t\^o curved wires, 6 B 
(fig, 4), which nK>ve by a joint C, fixed to the brafs cap of 
the glafs handle A. The wires are pointed «.t the ends, on 
which points are fprewed the two knobs D D, fo that it may 
be nfed either with the points or knobs. Whtn a large 
battery is required, it is better to ufe two, three, or more 
fmall batteries, and their force may be united by a wire or 
chain : but the bed method of uniting their force, is to have 
a wire from every jar, conne6ted at the top with a ball, ia 
the form of a wire bird-cage. 

The force of elrftricity, thus accumulated by feveral jan 
or batteries, is aflonifhinv/. Metab, which refill the greateft 
effect of chemical fire, are inihntly made red hot, and melted. 
But in performing experiments of this kind, the operator 
ihould be careful that no pecfon touches, or even comes too 
near, any jjart of the apparatus ; otherwife it may produce 
ferious conlequences. And it \%Xo be obferved, in charging 
a battery, a fmall condu6bor is more proper than a large onCi 
as the difiipation of the eleAricity is not fo great. 

6. Tki animated SpiJ^r.-^liht t'x^nmtvw called animating 
^ fpider by eledridty, is performed by fufpendiDg a piece 
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of cork B (fig. 14) by a (ilk thread; in the cork a few fljort 
threads arc drawn, to reprefcnt its legs. It is to be hung la 
the midway, between the knob E of the wire D E, which is 
conne6ted with the jar A D, and the knob A : then the jar 
being charged, by connefting its knob A with the prime 
condudor, the fpider will be attrackd by the knob A, and 
then repelled by it to the knob E, where it difcharges its 
filc^lricity ; and is then. again attra-'led by the knob A, and 
again repelled to tlie knob E ; and will continue this motion 
fill it has completely difcbarged the jar. 

7. To re/irefcnt any lunAuous Figures. — The fpjral tube is 
compofed of two glafs tubes C D (fig, 18), one within the 
other, the ends being clofed with two brafs caps A and B. 
On the out fide of the innermoft tube is (luck a fpiral row of 
fmall round pieces of tin foil,, ab ^ut a twelfth of an -inch 
diilant from each other; then holding it by one end, and 
prefenting the other end to the prime conductor, fmaii fparks 
will appear between all the pieces of tin foil^ and in the dark 
it will have the appearance of a fpiral line of fire, if, inflead 
of the fpiral tube, the lin foil be Auck upon a fiat plate of 
glafs A B C D (fig, 19), it may be fo formed as to rcprefeixt 
any other figures, letters, flouers, &c. 

8. To prove that Ele^ricity prefers a JItort PaJJlige though 
the Air to a long one through good ConduHors. — A b D (fig, 1 6) 
is a wire about ten feet long, at the ends of wn.ch ij> fixed 
a piece of glafs G, to keep the ends A B at a [>ioper dif- 
tance, and to let them fllde within half au inch nf each 
other, if required ; then comical tiic chains belonginii: to the 
Aiding wires with the hook of the battery, and thtr di:lLurg- 
ing rod, and fend the charge of the batter)* throiign the.Ti. 
On making the cxplofion, a fpark will be feen between A 
and B ; which proves that the cle»flric fluid choofcs a fliort 
paflage through the air, rather than a long one through good 
^ondu£kors; for very little of the elcftric flu^d will pafs 
Ihrough the b^nt wire A D B. 

9. The 
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9. The eUBric Spark fwelis Clay. — Roll a f^ece of tobacco- 
pipe clay in the form of a fmall cylinder, and in the two ends 
infert two wires A and B (fig, 22), fo tliat their ends within 
the clay may be within a fifth part of an inch of each other. 
Then if a (hock be fent through this clay, by connecting one 
of the wires with the outfide of a charged jar, and the other 
wire with the infide, it will be inflated by the fpark that 
palTes between the two wires, as reprefeiited in figure >a 3. 

, If the (hock be too ilrong, and the clay not very moift» k 
will be broken by the explofion, and its fragments icartered 
in every direAion ; as may be proved by ufing a piece of 
the tube of a tobacco«pipe inftead of the clay. 

10. The eU^ic Spark vtfihU in Heater. — Immerfe two 
knobbed wires, A and B (fig. 1 7), in a glafs of water, fo that 
the knobs of the wires may be within a little diflance of 
each other. Then, if one of thefe wires be connefted with 
the outfide coating of a jar, and the other wire be touched 
with the knob of it, the explofion in paffing through the 
water, from the knob of one wire to that uf the other, will 
break the glafs with a furprifing violence. Great caution is 
necefiary in performing this experiment, as it is fometimes 
attended with danger. If, inftead of a drinking-glafs, a 
glafs tube be ufed, (lopped with a cork at each end, through 
which the wires are inferted, and the charge be very weak, 
the ele6lric fpark will appear in the water palling between 
the wii*es. ' , 

1 1. The eleffrical Thermometer, — A B (fig, 24) is the elec- 
trical thermometer,^ and confifts of a glafs tube about ten 
inches long, and nearly two inches in diameter, and clofed 
air-tight at both ends by two brafs caps. H A is a fmall 
tube, open at both ends, paifing through a hole in the upper 
cap, and immerfed at the bottom in fome water at B, in the 
bottom of the large tube. F O and £ I are two wires in- 
ferted through the middle of each of the brafs caps, and 
having a brafs knob at the liead of each, v^hin the brais 

tube. 
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tube. This inftniment is failened to the pillar C D^ by a 
biafs ring C. When the air within the tube A B is rarefied, 
it will preis upon the water at the bottom of the tube, and 
{6 caufe it to rife «n the fmall tube ; and the rife and. fall 
of the water (how the rarefia<dion of the air in the glafs 
tube A Bj which has no communication with the external 
air. 

If the knobs G I of the two wires be brought into con- 
tad with each other, and the ring £ or F be conneded with 
one fide of the charged jar, and the other ring with the 
other fide, and a (hock be made to pafs through the wires, 
the water in the fmall tube will not be at all moved ; which 
Hiows that the pafiage of the eleftric fluid, through con- 
dudors fuffidently large^ occafions no rarefaction of the 
air. But if the knobs G I be placed a little difiant from 
each other, and the fiiock fent through the wires as before, 
the fpark between the two knobs will confiderably rarefy the 
air, and the water will be fuddenly forced up the fmall tube 
quite to the top. 

la. T^Jtow the Comfe tf the eharic Fluid in the Di/eharge 
efa Jar^ and to make it vifihle hy the Star and Pencil.'^? or 
thb purpofe, the jar mud be charged ; then taking the dif- 
charging rod (fig, 4) witliout its knobs, prefent one point 
within an inch of the knob A (fig, 1 5), and the other point 
at an equal diftance from the outHde coating of the jar. 
By thefe means the jar will be difcharged filently ; and if its 
infide be elcdrified pofitively, the point C of the difcharging 
rod will be illuminated with a ftar, becaufe it receives the 
eledric fluid ; and the point B with a pencil, becaufe it gives 
out the eledtric fluid to the outfide of the jar ; and if the jar 
be eledrified negatively on the infide, the pencil will appear 
upon the point C, and the (lar upon the point B. 

13. The univerfal Di/charg€r,-^'TYii& is an inflrument of 
Tery extenfive ufe, and is compoied of the following parts : 
A is a flat board^ about fifteen inches long, four broad, and 

one 
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one thick (fi^, 8) . b B are rwo glai's pillars cemciued in 
.two holes in the board. At the top of each is a brafs cap, 
having a turning-joint, and a fpring tube, through which 
Aides tlie wire C D. Thus, each of thefe wires has two 
other nnotions, viz. an horizontal and vertical one; each 
wire is alfo furnifhed with an open ring at one end C, and a 
brafs ball at the other end D, which ball mav be taken off at 
pleafure. £ is a flrong circular piece of wood five inches in 
diameter, on the furface of which is a flip of ivory ; and 
furnifhed with a flrong cylindrical foot, which fits the focket, 
and which, by means of the fcrew G, may be made ^fl, 
and alfo raifed higher, or brought down lower. 

Tlie Lrydcn phial is an inflrumeni to prove the hypothefis 
of a fingle electric fluid, and is formed by coating a fmali 
phbl about three inches up the ou fide with tin foil (fig. 20). 
To the top of the neck a brafs cap is cemented, having a 
hole with a valve; from this cap proceeds a wire, being 
blunted at the point, and terminating a few inches within 
the phiai. When the ihial is exhaufted of air, a glafs ball is 
icrewed on the brafs cap, to j)rcvent any air from getting into 
the phial. This phial fi ows the dire^Vion of the eltdric 
fluid, both in charging and difcharging; ior if it be held 
by its bottom with t'nc brafs knob prefented to the prime 
conductor, which is pofitively charged, the eledric fluiH 
will caufe the pencil of rays to proceed from the wire within 
the phial, as in figure 21; but if it be difcharged, a liar will 
appear inflead of tl>e })ehcil, as in figure 20. But if the wire 
be held by the brafs cap, and its bottom be touched by the 
prime condu6tor, the point of the wire on its fide will apipear 
iilu nil nated with a (lar when charging, and with a pencil 
%v hen difcliarging. If it be prefented to the prime condudor, 
clcclriCal negatively, all thefe appea^nces, both in charging 
and difcharging, will be reverfed. 

Jntlammable air, that will take fire by thcdedric fpark, 
is thus made: AD C^. 25) reprefeat two bottles; in the 

bottle 
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bottle D are put two or three ounces of filings of iron, and 
fome oil of vitriol, mixed with four tinges it$ quantity of 
water. The bottle A is filled with water, and the bent glafs 
pipe C is fixed with one end, air-tight, into the neck of tlie 
bottle D, and the other end a little way up the neek of the 
bottle A ; in a Ihort time the mixture will boil, and emit a 
fiuidf which will pafs through the tube C, into the bottle A, 
and at length fitl it, expelling the water into the bafin B. 
The bottle A is then to be quickly corked up for ufe. 

The eUBrical piflol is reprefented fig, 26, where cab 
of thin brafs ; to the mouth a b is fitted a cork, and a 
perforated piece of brafs d fcrews on the bottom of the 
piftol at c, having a glafs tiibe, with a wire cemented into it, 
bent over the glah tube, fo as to reach within one eighth of 
all inch of the brafs. When the piftol is to be charged^ 
uncork the inflammable air bottle before mentioned, likewife 
the piftol, and place the mouth of the piftol upon the top of 
the bottle; and the common sur. which is within the piflol 
will defcend while the other afcends. Having held the piftoi 
ill this fituation a few feconds, in order to fill it with in-i 
flammable air, cork both it and the bottle expeditioufly, and 
it is then charged. When it is to be dlfcbarged, fill a fmali 
jar, or a hollow handle, and apply it to the knob of the wire 
e ; it will then explode, and drive out the cork to a confi- 
derable diHance, with a report as loud as that of a piflol 
filled with gunpowder. 

Figure 28 reprefents an indrument to cure the tooth-ach, 
in which A is a flat piece of box wood, about an inch broad, 
and a quarter of an inch thick. Near its oppofite edges are 
made two longitudinal holes, through which are put two 
brafs wires, a b c and d e f , and fixed in with fealing-wax, 
and then bent at c and f, as in the figure, which two points 
ferve to receive the tooth and gum between them. When 
the inilrument is ufed. Hook two chains, g and h, on the 
lower end of the wires, holding the tooth and gum between 
you 11.' R a th^ 
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the Other end of the wires c and f : put the end ot the chtio 
g round the bottom of the elcdnc jar, and let a perfoB hold 
the chain h hanging down from his b^nd, both chains 
bdng dear of the table, and not touching each othef . Then 
having chavg^ the jar, let the perfon who holds the cbaia b 
ftrike the end of it ag^ft the prioK condudor : this wUt 
difcharge the jar, «Qd give the patient a (bock only in his 
tooth and gum, which fcldom fails to cure the tootb-acb, if the 
caufe be a cold. 

The ikdnmeter is an inftrument to (how the kind and 
quantity •' eleftridty^ of which there are feveral ibrts ; 
the moft fimple is that which confifts of a linen threMi, 
having a fmall cork or pith*ball at each end (fig, 13). Ttus 
efe6txometer is fufpende^ by the middle of the thread on 
any conduAor proper for the purpoi^. And if the conduftov 
be charged pofitively, by applying a ilick of fealing-wax, 
excited, the baUs colhpfe together; and by applying an 
excited fnooth glafs tube, 'they will recede further afunder; 
and if the conductor be charged neg^vely^ the reverie will 
take place. 

But the moil perfe6l of thefe inftrument^ is that called the 
quadrant el^drometer, which (hows the exa6l degree Id 
which any body is elcdrified, and is as follows ; — A is a fine 
rod, that turns onB, the centre of a femicircle (fig^ 27), fo 
as always to keep near its graduated limb, which is divided 
into 1 80 degrees. At the end of the rod is a cork ball C. 
The pillar D may be fixed either to the prime coqdu^or, or 
to the brafs knob of a jar or battery, or be fet on a flaad 
by itfelf. The inftrument ftiouki be made of box lyoodi 
and the femicircle of ivory. 

When this inftrument begins to be eledri^ed, the rod A 
is repelled by the pillar D, and confeqtiently begins to 
move over the edge of the (emidrcle, and fliows very exaftiy 
the degree to which tlie condiiA«»r is ekdrifi^, or bow high 
any jar or battery is chtig^. This inftrument fiioitkl 

always 
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always bt made veiy dry before the fire, when it it xikd^ 
taking caA that it be not heated. 

If the jar or battery be churged with pofitive eledtricity, 
and it be required to know the exad time, that it becomes 
diichargedi while you are attempting to charge it negatively^ 
obferve the moment the index comes to the perpendicular 
flation, and at that moment there will not be the leaft fpark 
kft in the jar. If the operation be continued, the index 
will again advance along the femicirde; and thus ihow the 
exaA quantity of negative ele&ridty which the jar has 
acquired. 



SECT. in. 

or MEDICAL BLBCTaiCITr. 

ELECTaiciTT was no fooaer brought to any degree of 
perfeAion, than it was applied to medical purpoies. For by 
iate obiervations, it has been found to pofleft the invariable 
properties of increafing the fenfible perfpiratioii, quickening 
the circulation of (he blood, and promoting all the glandular 
fecretions. And among all the variety of cafes in which it . 
has been uied, there are none in which it has been found 
prejudicial, except thofe of pregnancy, and venereal diieait; 
and there are a number of cafes, in which it has been appli^ 
with confiderable fuccefe. In moft difiirders where it has 
been ufed with perfeveruice, it has given at leaft a tempo- 
rary and partial relief; and In fome cafis it has efleded a 
total cure. Of which, numerous infianoes may be 6en in 

naa tfack 
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the Philofophical Trania£tions, and the writings of MelTrs. 
Lover, fergufon, Wcftlcy, Cavallo, &c. &c. 

To know what cafes are proper to be eleflrified, expe* 
ricnce (howt in general that all kinds of obftnidions, 
whether of motion, of circulation, or fecretion, are very 
often removed, and in general alleviated, by eledridty. 
Likewife, nervous di(brdcrs have very often been cured; 
and rheumatic diforders, even of a long ftanding, are always 
relieved, and very often quite currd, by only drawing the 
dearie fluid with a point from the afftAed part^ or by 
drawing fparks from the condu^or. It has alfo been found 
very beneficial in difeafes of a long (landing ; and has not 
unfrequently been found a powerful remedy in mufcular 
contractions. 

There are three inftruments generally ufed for adminifter- 
ng medical ele^ricity, befides the eledrical machine, viz.— 
An electric jar, with Mr. Lane's ele^rometer ; an infulated 
chair or ftool, upon which a common chair may be occa- 
iionally fet ; and the diredors. 

The jar ufed on this occafion fliuuld be coated with tin 
foil, and (hould be about four ioclies in diameter, and (ix in 
height, which would contain above 72 fquare inches of 
coated furface. Through the covering of the jar paifes a 
brafs wire B (fig. i^ plate 21), touching the inlide coating of 
the jar, and having a brafs ball F, to which the electrometer 
F D C 18 faftened, and terminating at the top in a brafs ball 
B, which is to touch the prime condu6tor^ and which is fup- 
pofed to ftand before the electrical machine. The electro- 
meter C £ D F confitts of a piece of glafs F D, cemented 
to the two brafs caps D and F ; from the former of which 
proceeds a ftrong perpendicular brafs wire, having at the top 
an horizontal fpring focket, through which Hides the wire 
C E, having the bra£i bail C at one end^ and an open ring 
£ at the other end ; and fo fixed, that the ball C is exadly 
the fatne height as the ball B, and may be fet at any required 
diftancc from tiie ball B. This diflance feldom exceeds half 

an 



OP BLBCTRICITT. 30f 

=a ■ —J. 

an inch, therefore theele^rometer may be made very finally 

Sometimes there is a fcale on the wire C E, which fenres to 

fet the balls B C to any given diibince from each other, with 

more cert^ty. When this inftruroent is ofcd, the jar is fo 

placed, that the bail B may touch the condudor. Then, 

fuppofe the ball C to be fet at one tenth of an inch difiaoce 

from the ball B, and the electrometer £ be conneded to the 

outfide coating of the jar at I by a chain E I. In this cafe, 

if the eledrical machine be put in nnotion, the jar will be 

charged ; and when the charge is fo high, that the eledric 

fiiiid accumulated within the jar, can pafs from tlie ball B to 

C, which is here fuppofed to be one tenth of an inch ; the 

difcharge will take place, the fpark will appear between tlie 

balls, and the (hock will pafs through the chain £ I from £ 

to I ; for the part F D being of glafs, and generally covered 

with fealing-wax, is impervious to the eledric fluid ; there- 

fore the ele£tric fluid lias no way to pafs from the infide 

to the outfide of the jar, but from the ball B to the l^all C, 

and along the wire C £, and from thence along the chain 

EI. 

When the eledrical (hock is to be adminiftered to any part 
of the human body (as, for example, to the arm), inClead 
of the chain, which muft now be taken away, two fmall 
pliable wires £ L, I L, are to be fattened, one to the ring E, 
and the other to a hook I, of the (hind H I, which commu- 
nicates with the outfide coating of the jar (if the jar have 
not the (bind H I, the extremity of the wire I may be put 
in contact with the outfide coating of the jar in any oti^er 
convenient manner) ; the other end of the faid wires is 
fiiflened to the brafs wires L L of the dhrftors K L. Each 
diredor confifls of a knobbed brafs wire L, conneded to a 
glafs handle K, by means of a brafs cap. Then the opera* 
tor, holding the directors by the extremities of the glafs 
Jiandles, brings their balls into contidt withi the extremities 
of thai part of the patient's body through which the fhock 
Is to befent. Then it is eiddent, from a view of the figul^, 

that 
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jthat the ditchirgr of the jar muft be made through that 
|iMt of Che piuient*s arm which lies between the two koob» 
0£ the dire^ors «'« Jo the former cafe^ the difcharge w«5 
sadc through the chaia £ I. Thus, the o(>eraCor has no- 
dliing more to do« but to hold the knobs of the dire^ort to 
tile extremities of that part of the body through which tb^ 
ftock u to pafs, while an afliftant Jieeps the machine in tao^ 
tion. Care muft be taken that the two wires £ L and I L 
rfo not touch each other; otberwife the fliock will not paft 
through the patient's body. By tbefe means^ any nutnber of 
ihocksi prrcifely of the fame ftrength, may be given without 
«llering any part of the apparatus. And when it is required 
to increaie or dimiaifli the force oi the (hock, it is only ne« 
ceffiuy to increafe ur diroiniih the diftance between the balls 
B and C, which is done by moving the wire C Bt through the- 
locket 

It is of tittle conieqnence whether the patient fttnds upon 
the ground, upon the infuUted ftooly or in any other (itua- 
tioo. Neither is it oecei&ry to remove the clothes from thr 
part that is to be eledrified, for the (hocks will readily gp 
through them, except there be too many coverings. - 

In tiie application of eledncity, the chief difficulty conHfls 
in di(Hngui(hing the proper drengtb of the ple^ric force 
that is rrquifite for a given diforder. For this piirpofe, it is 
impoftble to give any general rules, the circutpftaAces being 
of fo complex a nature, that nothing but long experience, 
amd ftrid attenrion to every particular phenomenon, cao^ 
dired the operator. It need hardly be (aid, tha( regard 
mui^ be had to the fex and ag9 of the patient. Thr 
fiired rule that can be given, is to begin with more gentle 
^treatment, at ieafi fuch that, coofidering the circuoyfiances, 
may be thought rather weak than ftrong. Jf, after a £evr 
days trial, this gentle treatment be (bund iucifedual, then 
the operator may gradoiUy iacreaie the force of the e}ec- 
trtcity, until he finds the proper degree, fiyt when any limb 
of the body is^ deprived of pnoAbn^ k ^anuft be obfervcd, that 



OP BLSCTRicmr. 311 



s& 



tbe aiufe b fotnetimes a contradion of the mufcles ; in 
which cafe, elefbicity has often proved aii effiedual remeift 
but the k>A of motion is fometimes occafioned by a relax* 
ation, as well as contra&iou : as, when tbe hand is bciM in*> 
wardlj, and the pati^at has no power to ftraighten it. I A 
thefe cafes it is often difiicnlt to difcover the real cavfe : bK 
the fureft method is, to electrify both thofe mufcles which 
are contradedf and alio their antagonifts; for no injury can 
attend cleArifying a found mufcle. In rheumatic diforders, 
the ele^^ri^ fluid ihould be drawn from the parts afiifM 1 
or the fparks may be drawn from the comludor. 

Tbe operation fliould be continued far (bur or ftve mi<« 
nutes, and may be repeated onre or twice a <Hiy. When the 
ibocks are ftrong, their grcatefl number at one operation 
fcldom exceeds a dozen or fourteen, except they be given td 
different parts of the bocfy^ 

The eUBr^konu (fy. a) confifh of two plates, from fiv 
to 18 inches diamet^, in general, and fbrnctimcswnich larger* 
Tbe upper plate is generally made of brafs ; but a t9tt ptaiB 
will ferve the purpofe, having a wire turned upmi its edg^i 
in tbe commoin manner; on the centre of this plate/ is fined 
the focket O, in which the glaft handle i is fixed, v^iich 
is nine or tan inches long. When the ele6bt)phonisis to W 
of a large diameter, a thin baard, covered with tin foil, and 
iiifpended by fiHcen llrtngs, will anfwer exceedingly weU. 

The Iqwer plate (only the edge of which cduld be 
ikown in the figure) may be made either of glafs, fealing- 
wax, or the following compofitioo, viz. — refin four parts^ 
pitch three parts, fhelMac three parts, Venice tut:peritine two 
parts, malted together over a gentle fire ; then poured and 
fpread upon a tbin linen clorb, about a quarter of an ioch 
thick; the linen cloth u then firetched upon a boep, and 
inade as tight as poffible. 

To charge a jar with this machiue, rub ti»e coated fide of 
the under pfete with a piece of fine new flmoel^'or a hare's or 

. cat's 
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cat's (kin ; and when it is eicited is much as poifibie^ fet it 
upon a table, and place the upper plate B upon it, and put 
your finger upon the upper plate ; then, taking your finger 
ofi; take liold of the glafs handle I, and apply it to the knob 
of a coated jar. When this operation is repeated 30 or 40 
times, the jar will become charged. 

It was with a machine of this kind that Mr. CaTalki 
charged a coated phial feveral times by only once ezdtingy 
and fo ftrong, as to pierce a hole through a card at every 
difcharge. If a plate of glafs be coa;ed with fealing*waz, 
and excited, and then laid with the wax fide downwards ; 
then, on making the above experiment, by putting the plate 
upon it, and taking the fpark with the finger, and applying 
it to the glais handle, &c. it will have the contrary eiedricity 
to what it had before. 

When it is required to difcover whether a fmall degree of 
electricity be pofitive or negative, or to know how the charge 
advances lo ufing large batteries, and of what firength it iS| 
the moft ufeful eledrometer b Mr. Canton's balls, which 
are made of futh of elder, turned perfeAly globuUr, and 
fttfpended by fine threads from the conduflor (fig. 3). 

To know wliether the infide pi a jar or battery be charged 
pofitivdy or negatively, the balb are to be prefonted to the 
jar or battery which ftands upon the table, and they will be 
immediately attracted by the wire, and diverge from each 
other. This b always the cafe in both pofitive and negative 
electricity. And the greater the diilance to which the balls 
feparate, and the more they repel one another, the higher 
is the charge. To determine whether the ele^city is pofi- 
tive or neg^ve, rub a finall piece of gUfs again ft the band 
or coat, whidi will excite it pofitively, and then prefent it 
to the balls \n their diverging flatCi and if it makes the balls 
converge, it fiiows they are eleftrified pofitively; but if it 
increafes their divergenqr, it (hows their elc6tridty to be ne- 
gative. And it mufi be obienred, that the ^ledridty of the 

balli 
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bdls IS always contrary to that with which they are charged^ 
for they do not receive any electricity h^m tht wires of the 
jar or battery ; for all bodies placed within the influence of 
electrified bodies are afficded with the contrary eleCtricity. 

But to difcorer the kind of eledricity, when the charge 
it very finally inftead of the pith-balls, a piece of downty 
feather ihould be ufed, fufpended by a fingle filken thready 
as it comes from the worm, or at leaft by a very flew of thofe 
threads^ to render it as light as poffible. If any electrified 
body be prefented to this, the feather will be repelled by it^ 
if it be of the fame kind with its own, and attracted by iti 
if the electricity be contrary to it. For this light body, when 
once eledrified, either pofidveiy or negatively, will retain 
its virtue a long time, with very little lofs. 

Notwithftanding ele^ricity might be rendered fo gene* 
rally ufeful in the application of' it to medical purpofes, yet 
it is frequently found to be inefFcdual, where it might be 
expected to prove the moft falutary, which is very often the 
effed 6{ ignorance in the operator ; for many perfons, parti- 
cularly in the metropolis, undertake to adminifier eledricityi 
who are entirely deftitute of any medical knowledge, and, 
confcquently, of the caufe and fituation of difonkrs i hence, 
the fsdlure of it is owing, generally, to an error in the appli* 
cadon. 



The technical Terms ufed by Writers on Ele6iricitj/. 

Battery^ eleCtrical, a number of jars combined together, 
to be all charged and difcharged at the fame time (fi^. i2| 
fiUu fto). 

Charging^ throwing an additional quantity of ele^ric fluid 
upon one fide of a phite of glafi, or a jar, while the other 
fide is exhaufted in the fame proportion. All eleftric fub* 
(tances may be charged as well as glafs. 

Circuity thofe conducing fubflances ufcd to conned the 
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two ooadnfi «f a jtr df bmattj togctber^ and tbrougjli which 
the elcdric iluid ffiuft ptlkf 

CmdaOmr^ a piece of metal fundiked with poinlst to re- 
onve the eleftric matitr fifuni the globe. It mud ahrayi be 
infukted, or uiiconne6ted with the earth, by meant of elec- 
tilc. fobfiances, as glafs» baked wood, ice. Wbenerer it ia 
indefinitely mentioned, the prime condudor is underfiood* 

Di/ckmrging^ is reftoring the equilibrium of the eledric 
fluid, after it has been difturbed by charging. It is efieded 
by forming a comnrmnicatiaii between the overloaded and 
exhaufted fides of a jar, battery, Ice. by fome conducing 
fubilance. 

Di/chargmg fW, a braft rod, or any other inftrument 
(fig, 4 and 8, plate ao), ufcd to tSc^ a difcharge. 

EkSric matter or fimiJ, that fubtle fluid inherent in all 
bodies, and fuppofcd to be the cauie of all thoie appearances 
wluch we term eledric. 

EieArieif thoie bodies in which the dedric powers of 
attnidHoM, repulfion, ice. may be excited by friftion. They 
are caUed no/t^wJuiimrs^ becaufe the ele6iric fluid cannot 
pais through them. And nm^eleOricj are called eomh^ierSf 
becaufe the dearie matter may pais through them ; but no 
elofiric powers can be excited in them. 

EUBrometers^ mftniments to meafure the quantity of 
eledric matter. 

Excitaika^ calling forth the elcftric powers from ele6^ric 
fubfiaoces by fri^ion. 

Infidating^ placing bodies where they are not in conta6k 
with any conducing iiibflance ; as, by Ai^nding them iii 
the air by filken ftrings, placing them on glafs flands, &c. 

Negaiive eUBrieity^ a lefi quantity of the ele^ric fluid than 
u natural to any body. 

P^fiiive eldhkity^ a greater quantity of the eledric fluid 
than its natural ihare. 

Rubber^ or Ctfii^ a piece of leather, or any other fub* 
fiance, againft which the ghfi globe or other eleftric body 
is rubbed, in order to exdte theoi. Pencil^ 



or piisuifiTica. ^15 

Ptm'Ay tbeappearaiio4>of tbe tkdric fluid ifluing from the 
pmnt of a body deArifitd pofitiveijr. 

^ar^ the appearance of the elidric fluid ifluing from die 
point bf a iiody eleftrified negativdy. 

Simckt ileSric^ the cooTuliion given to the animal mufdes 
bylhedifchar^eof ajarorbatcery. ^ 

' fFin lif m jar^ &r. the wire or metal rod wMch touches 
Cheitifldevoatiiig.of A jar, Uc 
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OP TR£ PROPBRTIB8 OP AIK. 

ji 

FirBtJMAtics is that part of natural phllofophy which 
treats of the weight, preflure^ and eiailidty of thse air, with 
the eflefts ariiing from them. 

The air is that thin, tranfparent, fluid body which fur* 
rounds the whole earth to a confiderable height; and which, 
together with the clouds and vapoun that float in k, is 
called tbe atmofphere. That the* dr is a fluid, is evident 
frx>m tbe following propertiei, which it pofleflbs in common 
with all other fluids: viz.— r. It yields to the leaft force 
imprelTed on it — t. Its parts are eafily moved among one 
another. — 3. It prefll» according to its perpendkubur hdghtX ^ 
■-V-4. Ahd iu prefliire is every way equal. 

s s » But 



.1 



3i6 Of nrsuMATictf. 



But the air differs from all other fluids, ia the four fbllow- 
ing particulars:—!. It can be compreflcd into a much left 
ipace than what it natunlly pofleAes, which no other fluid 
can : 2. it cannot be fixed or congealed as other fluids can : 
3* it is of a different denfity in every part upward Arom the 
earth's fur&ce, its weight decreafing the higher it rifes, 
oonfequently it muft alfo decreafe in denfity : 4. it is of an 
elaftic nature, and the force of the fpring is equal to its 
weight. 

It is evident, that air is a body, for it excludes all other 
bodies out of the fpace it poffeffes : thus, if a glafs veflel or 
jar be inverted, and plunged into a veffel of water with a 
ileady hand, flill prelfing it downwards, there will vtry 
litde water get into the jar, becaufe the air, of which it is 
full, keeps the water out. Jt is upon this principle that 
diving-bells are conffruded. ' 

Air being a body, mufl nec^rily have gravity or wdght ; 
and its weight is determined by the following experiment :«— 
let a bottle that holds a wine quart be emptied of its air, 
by means of the air pump ; then weighing the botde, it will 
be found to be about 16 grains lighter than when the air is 
letuito it again : which (hows that a quart of air weighs 16 
grains. And to find the proportion of the weight of air to 
diat of water, divide the weight of a certain quantity of 
water by the weight of the fame quantity of air ; thus, a 
quart of water weighs 14621 grains, which, divided by 16, 
the weight of a quart of air, quotes 9x4, in round numbers! 
which fliows that water is 914 times as heavy as air, near the 
furiiau^e of the earth. This is in general the greatell weight 
of the air ; for commonly it is reckoned only 840 times lefi 
dcnfe than water, at a mean rate; the denfity of the air 
being very various, according to the fituarion of the climate, 
feafon of the year, and m»ny other circumftances. 

The air has a different denfity as we rife from the furface 
of the earth, and gro\i s continually rarer and lighter the 
ferther it is from the earth, which is owing to its being of 
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an elallic nature^ and capable of being comprcflM into a 
led fpace, for tbe lowmnofl parts of the attnofpbere, bon^ 
preflM with the weight of all tliat is above them, mult con* 
-ftquenllf be rendered more denfe and conipsA at the earth'a 
fur&ce than at any height above i^ And that air, towards 
the upper part of the atmofphere, being lefs pretTed, ij cob> 
fcquently lefi dcnfe and compad than that near the nrth ; 
for the denflty of tht air is alwayi ai the force that compreflei 
it The following table given by Dr. Cotes, fhows that tbe 
rarity of the air at adiflaucc from the earth's Cvrfttx increalci 
ia a geoiiKirical proportion, while its height ftofO the earth 
increafcs 1« an arithmetical proportion i 
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Fran this tittle. It appears, that at tbe height of {even 
truks firom the eanh, the air is four times rarer and lighter 
than at tbe earth's furlace ; at the height of 14 miles it b 
1 6 timet rarer and lighter ; at a i miles, 64 times rarer, Sec. 
From hence it may be proved, that a cubical inch of fuch air 
IS we bretAe, near tbe caith't fur&ce, would be to much 
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weight on each fqnare foot, gives 12,043^468,800,000,000,000 
pounds, for the prefTure of the whole atmofpherc. 

All common air is impregnated with n certain kind of what 
h called %>ivifying fpirity which is efTential to prcferre animal 
life ; and in a gallon of air there b endugh of it for one mail 
during the fpace of a minute, but not much longer. Thil 
fpirit is alfo in that air which is in water, as appears by the 
filh dying, when they are excluded from frefh air, as in a 
pond that is frozen over* 

This fpirit in air is loft by pafling through the lungs of 
any animal, and is the reafon why an animal dies fo foort 
when deprived of freih atr* The little eggs of infr6h, alfo^ 
when Hopped up in a glafs, and excluded from the air, do not 
produce their young, though they be aflifled by warmth* 
The feeds alfo of plants, though mixed in good earth, will 
not grow if they be deprived of ain 

The vivifying quality is alfo deftroyed by the air pafll 
ing through fire, jiarticularly charcoal fire, or the flame of 
fulphur. 

Air may alfo become vitiated, by being clofely confined 
in any place for a confiderable time, or by being mixed with 
rnalignanc (learos : and laflly, by the corruption of the vivi^ 
fying fpirit; as in the holds of (hips, in oll-cifterns, wine* 
cellars which have been (hut fome time, or brewers* vats* 
In any of them, the air may be fo much vitiated as to b< 
immediate death to any animal that enters them. 

When the air has loft its vivifying fpirit, it is called damp^ 
becaufe it abouuds with humid and moift vapours, and 
becaufe it deadens fire, cxtinguifhes flame, and deftroys life. 
The efFefts of thefe damps arc fufficiently knon'n to thofe 
who work in mines. 

When part of the vivifying fpirit of air in any country 
begins to putrefy, the inhabitants of that country will be 
fubjedt to an epidemical difeafe, wliich will rage till the 
putrefaction is over. And as the putrefying fpirit occadons 
the difcaiie, fo if the difeafed body contributes towards the 

putrefaction 
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wards that part which is mod heated by the fun. But the 
courfe of the fun being from eaft to weft, with refpc6^ to 
the earth, the common courfe of the air which fupplies the 
place of the rarefied. air muft.be in .the fame direflion, vi2. 
from eaft to weft ; but on the north fide its courfe will be 
dire^ed a little towards the north, and on the fouth fide 9S 
much towards the fouth. ^ 

This would be the general courfe of the wind about the 
equator, if it were not atfe6led by other caufes, which change 
its diredlion: as, i. By exhalations that arife out of the 
earth, at different times and different places, occafioned by 
fubterraneous fires, volcanoes, &c. ; 2. by a fudden inunda« 
tion of rain, which caufes a contra6tion of the air ; 3. by 
the violent heat of fome burning fands, which caufe an 
extraordinary rarefa£tion of the contiguous air; 4. by high 
mountains, which alter the dire^on of the wind ; j. by the 
declination of the fun towards the north or fouth, thereby 
caufing a greater heat in the air on the fame fide of the 
equator. 

Thefe are the principal caufes which create fuch a great 
▼ariety and uncertaiqty in the winds in moft countries dif- 
tant from the equator; as, i. The variations of the winds 
in the different parts of Europe ; 2. the monfoons which are 
found in the Indian feas; 3. thofe winds which always blow 
. from weft to eaft, on the weftem coaft of America, and q^ 
the coaft of Guinea; and the fea breezes, which) in hpt 
countries, blow from fea to land in the daytime ; and tlye 
land breezes, which blow towards the fea in the night ; and 
all thofe other irregularities in the wind, as ftornos, whirU 
winds, hurricane^, &c. 
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SECT. III. 



OF THE CAUSES OF THUNDERJ LIGHTNING, &C, 



Thb effiiivia and vapoim arifing from different bodies 
mert and unite together in the atmofphere, which is the 
common receptacle of all vaporous bodies, as the (leams from 
hioifl bodies, the fmoke from bodies burnt, and the effluvia 
emitted from fulphuroiis, nitrous, acid, and alkaline fub« 
ftances. And every volatile body rifes to a certain height in 
tlie atmofphere, according to its own fpecific gravity. And 
when the effluvia which arife from an acid and alkaline body 
tneet each other in the air, there will be a conflid between 
thefe two vapours, or what is vulgarly called a fermentatioa 
between them. If this fermentation be great, it will produce 
a fire ; and if the effluvia be of a combuflible nature^ the fire 
will run from one part of the air to another, following the 
inflammable matter. 

Thcfc things may be denuMidrated by the follom'ing expe- 
riment :— Mix fome oil of cloves and Glauber's fpirit of nitn 
together, which will immediatly produce a fudden firr* 
mentation, with a fine flame ; and if the ingredients be netf, 
there will be a fudden explofion. Thefe are the effeds of the 
union of an acid and alkaline fluid. 

From this experiment, we may account for the eSltKh of 
thunder and lightning, which is occafioned by the effluvia 
of fulphurous and nitrous bodies meeting each other in the 
air, where, aflided by the fuii*s heat, a fermentation, fire^ 
and explofion enfuc. When the inflammable matter is diia 
aud Jight| it will afcend to the upper parts of the atmo- 

4>hcrCf 
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fphcre, before thfi fermentation takes place; bu( when it is 
more denfe, it will hover near the furfstcc of the earth, where, 
when an explofion takes place, the fire is vifible, and often 
dangerous ; the explofion alio has a violent force ; ai>d the 
heat being great, will rarefy and drive away all tlie adjacent 
sur, kill men and cattle, fptit trees, rocks, &c. 

Lightning differs from all other fires ; for it has often bec^. 
known to pafs through wood, father, cloths, and other 
fubflances, without hurting thend ; at the fame time n[)clting 
iron, fleet, filver, gold, and other Ivtrd bodies. It has melted 
or burnt afunder a fword, without hurting the fcabbard; 
and melted money in a man's pocket, without htuting hia 
clothes. So fine are the particles of tliis fire, that they pafs 
through foft, loofe bodies, without injuring them, and fpend 
their force upon thofe that are more deufc. 

Any fleel infh-uments, at knives, forks, &c. that have 
been (truck with lightning, have a flrong magnetic virtue^ 
which they retain many years. The lightning ftriking the 
mariner's compafs has often turned it quite round, and made 
it fland the contrary way, that is, with the north pole towards 
the fouth. 

Thofe explofions which fometimes happen in mines, and 
called fire-damps, are of the fame nature with lightning, 
and occafioned by fulphurous and nitrous vapour rifing 
from the mine, which, mixing with the air, take fire from 
the lights ufed in the mine. This fire, when once kindled, 
continues to run from one part of the mine to another, as 
the combuflible matter happens to be ; and as the elaflicity 
of the air is increafed by the h«it^ the air in the npnc will 
fwell confiderably ; and, for want of room, will at length 
explode, with a degree of force equal to the violence of the 
fire, the quantity of effluvia, and denfity of the vapours. 
This is fometimes fo flrong as to blow up the mine ; at other 
timca it is fo weak| that when it haa taken fire it may be 
eafily blown out. 

T T 9 Air 
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Air that will take fire from the flame of a candle, may be 
produced thus -.—Having pumped the air out of the receiver 
of the air-pump, let the air run into it through the flame of 
the oil of turpentine ; then remove the cover of the receiver, 
and holding a candle to that air it will take fire.* 

When combuftible vapours are kindled in the bowels of 
the earth, where there is little or no vent, they produce earth- 
quakes, and violent dorms or hurricanes of wind, as foon as 
they break fonh in the open air. 

An artificial earthquake ntay l>e produced thus :— Take 
ID or 1$ pounds of fulphur, and as much of the filings of 
iron, and knead them with common water into the con(ift« 
ence of a paftez'this, being buried under ground, will, in 
eight or tea hours times^ buril out into fbmes, and caufe the 
earth to tremble around it -to a ooniiderable diliance. 
' It is owing to fubftances of this nature that we have vol- 
canoes. 



SECT. IV. 

HE CONSTRUCTION AND USB OF THE AIR-PUMF, 
BAROMETEB^ AND AIR-GUN. 



t. Of the Air 'pump. 

Tne air-pump b a machine to pump the air out' of any 
veflel, and conftruftcd on the lame principle as the water- 
pump. 

The 



The air-pump^ with all its apparatus, is ibown j^. ij 
pUte 22y where L L is the plate, on which is placed a w^ 
leather, and the large glafs receiver M^ placed upon the 
leather, fo that the hole /. in the plate may co^e within the 
glafs. Then, by turning the handle F (fig*p^\ the air will 
be pumped out of the receiver, which will be held do«(Kn to 
the plate by the force of the external air or atmofpherp. For, 
as the handle F is turned backwards, or towards D, it raifes 
the pifion i/r in the barrel B K, by means. of the wheel £, 
and rack work D and C; apd as the piflon is. leathered fo 
tight, as to fit the barrel exa^ily, no air can get bet>i'een the 
pifton and barrel, and . therefore all the air above d^ in the 
barrel, is lilted up towards B, and a -vacuqm is made in the 
barrel from 6toe; upon which part of the air in the receiver 
M (fig^ x), by its. fpring, ruilies through the hole / in the 
brafs plate L L, through the pipe G C G, which commpnl- 
<;ates with both barrels, by means of the hollow trunk I H ^ 
(fig^ 9), and puihing up the valve, ^, enters into the vacaut 
place 6 f of the barrel B K, For wherever the re(i (lance or 
preiTure of the air is diminiQied, the air will run to that 
pl^ce^ if it can find a pailage. Then, if the handle. F be 
turned the contrary way, the piflon d e will be lowered in 
the barrel ; and as the air which came bfl into the barrel 
(pannot be pufhed back through the valve ^, it will afcend 
llirough a hole iu the piilon, and make its cfcape through z 
.valve at J; and by that valve be prevented from returning 
into the barrel, below the piflon. At the next railing of the 
piflon, a vacuum is again made in the barrel, between 6 and 
/, as before, when more of the air that is left in the receiver 
M (fig. i) efcapes by its fpring into ttie barrel B K, through 
the valve i, Wh^t is here explained concerning the barrel 
fi K. mufl be underftood with regard to the other barrel A I, 
Aod as the handle F is turned backwards and forwards, it 
raifes and deprefTcs the pidons in each barrel alternately, 
xaifing one, while it dcprefTes the other. And as there is a 

vacuum 
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vacuum made in each barrel, when the piftoti is raiftd, the 
particles of air in the receiver M f€g, i) pufh out one tno- 
ther by their elailicity, through the hole r, and pipe G G, 
into the barrels, until the receiver is fo much exhauiied of 
the air, and the elailicity of the air is fo much weakened, 
that it will no longer have fufficient force to pafs through the 
valves ^ J; and then no more air can be taken out. It is 
impoflible to make a perfe^ vacuum in the receiver, or to 
entirely exhauft it of air ; for the quantity of air taken out 
at any one (Iroke will always be as the denfity of the air in 
the receiver; and therefore it is impoffible to take it all our : 
for if the receiver and barrels be both of equal capacity^ 
there will always as much remain in the receiver^ as wa» 
taken out at the laft turn of the handle. 

At i (fig, 1), juft under the pump plate, there is a cock, 

by the turning of which the air may at any time be let into 

the receiver again, through the hole /, and then the receiver 

becomes loofe, and may be taken off the p!.ite. The barreb 

(fig. 2) are fixed to the frame E e e (fig. i), by the two fcrew- 

nuts yy, which prefs the piece E upon the barrels ; and the 

hollow trunk H (Jfg, 2) is covered by the box G H (fig, i)* 

ImmmnisR gljfs tube, open at both ends, and about 

34 inches long, the up^>cr end comnuinicating with the 

hole in the pump plare, and the lower end immerfed in the 

▼cflcl N, which is nearly filled with quickfilver. This tube 

has a wooden niler w w, calie<l the gauge, and divided into 

inches, and parts of an inch, fram the bottom at n, at the 

furftice of the quickfilver, and continued upwards to w, about 

3.1 inches. 

The ufe of this rule is, to difcover the quantity of air that 
remains in the receiver M : for as the air is pumped out of 
the receiver M, it is alfo pumped out of the tube /«», 
bccaufe the tube opens in the receiver; and as the tube is 
gradually f:ii{ tied of its air, the quickfilver in the veflel N 
is forced up the tube by the prcTure of the atmofphcre upon 

the 
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die quickfilrer in the vcflel : and if the receiver could be 
perfedly exbaufted of air, the quickfilver would fhnd as high 
in the tube, as it does at that time in the barometer; for the 
quickiilver in both cafes is fupported by the fame power, 
viz. the weight of the atmofphere on the quickiilver in the 
open veflel. 

Every turn of the handle F exhaufls a portion of air from 
the receiver, and confequently raifes the quickfilver in the 
tube ; and the afcent of the quickfilver is always proportion- 
able to the quantity of air exhaufled ; and the quantity of 
air remaining in the receiver is proportionable to the defe^ 
•f the height of the quickfilver in the gauge, from its height 
in the barometer. 

There are feveral experiments made with this air-pump, 
to fliow the refiflance, weight, and elaflicity of the air. 

The refifiance of the air is meafured by a fmall machine^ 
having two mills, a and 6 {fig, 3), which are of equal 
weights, and each turning freely on its own axis, iudepend* 
ent of each other. Each mill has four thin iails fixed to its 
axis ; thofe of the mill a have their planes at right angles to 
its axis; and thofe of h have their planes parallel to it. 
Therefore, when thefe mills turn round in common air, the 
mill a has but little refinance from the air, becaufe its fails 
cut the air with their thin edges ; but the mill b is greatly 
refiiled by the air, becaufe it expofes the whole plane of its 
fails againft the air. In each axle is a fine pin near the middle 
of the frame^ which goes quite tlirough the axle, and (lands 
•ut a little on each fide of it. - Upon thefe pins the flider d 
is made to bear, to hinder the milb from going round, when 
the firong pin C is fet on bend againft the lower end of the 
pins. 

Set this machine in motion, by drawing up the Hider d CO 
the pins on one fide, and fetting the fpring C on bend at the 
oppofite ends of the pins ; then pufliing down the flider /, 
the (pring C, a^ing with equal force upon each mill, will 
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let them both in motion; but the rrtill a will mn mucii 
longer than the mill 3, becai^fe the air makes lefs refifiancc 
againft its iails than againft thofe of 6. 

Again, draw up the Aider J^ and fet the fpring C againft 
the {MAS as before ; then place the machine under the receiver 
M, upon the pump plate; and having exhaufted the re- 
ceiver of its air, pufli the wire P P, which runs through the 
collar of leathers on the neck ^, upon the Aider J (fig, 3), 
which will difengage it from the pins, and thereby fufifer 
the fpring C to fet the mills a-going ; and as there is no air 
in the receiver to make^ny fenfible reAfhince, they will both 
move a 'conAderable time longer than they did in the open 
air, and they will both (lop at the fame moment. Thh 
experiment Aiows the reAAance of air on bodies in motion; 
and that equal bodies meet with different degrees of refift- 
anoe, according as they expofe a greater or lefs furface to the 
air In the planes of their motions. 

Again, put a guinea and a feather on the brafs flap r, in 
the taU cylindrical receiver A B (fig. 4), which is to be placed 
over the hole /, on the pump plate; turn up the brafs flap r, 
jb as to conAne both the guinea and the feather ; then, putting 
a wet leather over the top of the receiver, and covering it 
with the plate j-, from which the guinea and feather tongs 
r J will hang within the receiver ; pump the air out of this 
receiver, and, by means of the wire /, open the tongs e d, 
and the flap c falling down, the guinea and feather will 
defcend with equal velocity in the receiver, and l)oth fidl 
Upon the plate at the fame inAant. 

To (how the weight of the air, no more is neceAary than 
i thin bottle or Florence. AaAt (whofe contents are exaftly 
known) having a brafs cap with a valve tied over it, Axed to 
the mouth. This brafs cap is to be fcrewed into the hole i 
of the pump pkte, and the bottle exhaufted of its air. The 
bottle 13 then 10 be accurately weighed; when it will fcte 
found, that for etcry quart the bottle contains, it will weigh 
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z6 gndns lefs than when it was full of afr^ when the quick- 
£lver fhuids at 29I inches in the barometer. 

If the receiver O (fig, i ), or M, be placed over the hole /ia 
the pump plate, and the air be exhauiled therefrom, tMs fbiall 
receiver will be prefled down to the pump plate, by the 
weight of die atmofphere, which will be found to be equal 
to as inany fifteen pounds as there are fquare inches in that 
part of the. plate which the receiver covers; and which will 
hold down the receiver fo fidl, that it cannot be retaioved 
until the air be let into it, by turning the cock i, when k' 
will be perfedly loofe. 

Place the fmall glafs A B (fig. 5), which is open at both 
ends, over the hole /, on the pump plate L L (fig. i); and 
having put your hand clofe upon the top of It, at B, ex« 
hauft the air out of the glafs, and your hand will be preiled ' 
down upon the glafs with a weight equal to as many times zj ' 
pounds as the end of th<^ glafs B contains fquare incheS| 
as before. 

If a piece of wet bladder be tied over the end of the glafs* 
(fig. 6), and, when it is dry, the glafs be exhaufled of its 
air; the outer air will prefs upon the bladder, which will 
have a fpherical concave figure, and will grow more concave 
as more air is pumped out of the glafs, till, at length, it 
will break with a report as bud as that of a gun. If, in- 
ftead of the bladder, a flat piece of glafs be laid on the top 
of this receiver, and joined to it by a ring of wet leather 
between them, to exclude the air upon exhaufHng the air out 
of the receiver, the prefTure of the outward sur will foon break 
the flat piece of glafs to pieces. 

Let the two brafs cups A and B (J^. 7) be joined togc* 
ther with a wet leather between them, having a hole in the 
middle of it; then fix the end of the pipe D into the hole 
f of the pump plate^ and exhaufl the air out of them, hav« 
mg turned the cock £, which permits the air to comv 
through the pipe C D. Then turn the cock E again, to 
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keep out the nr, and unfcfew the pipe D from the pump 
plate, and fcrew on the handle ^l ^^ ^^ ^'U require a 
great force to pull tbefe two cups afunder } for if the dk- 
meter of the cops be four inches, they will be prefled^to- 
fetiier, by the external air, with a force equal to 190 pounds, 
^ut if they be put under the bunge receiver M (fy. 1)^ and 
the air exhaufied out of tlie receiver, they will iaU afender, 
having no external air to keep them together. 

Place the veflel A (fy. 8) on the pump plate^ having 
ibme quickfilver in it, and cover it with the receiver B, in 
which is inferted through the collar of feathers, in the bnft 
neck C, the tube J e open at the lower end ; then exhauft 
the air out of the receiver, and it will alfo be exhau^cd out of 
the tube. When the receiver is fufficiently exhauAsdy fofk 
down the tube, fo u to immerfe the lower end into the 
quickfilver. Jn this experiment, though the tube be ex- 
hauficd of air^ yet none of the quickfilver will rife in 1(9 
becaufe there is no air in the receiver, to prefs upon its 
furftce; but if the air be let into the receiver, by the cock 
i in the pump plate, the quickfilver wiU immediately fife 
io the tube, and ftand nearly as high as it does at that time 
in the barometer. 

This cxperin^t foows^ that the quickfilver b fuppofted 
in the tvh^ nierely by the preflure of the air On its ftn&ct^ 
in the open vefiel, in which the tube is immerfed; and that 
the more denfe and heavy the air is, the higher the quick* 
filyer.rifes; and^ ou the contrary, the thbnerand Ugbter the 
air is, the le& it will rife* This is the reafon why the quick- 
filver in the barometer falls before rain Or foow, and rifo 
before fiur weather; for, in the former cafe, the air is tX)o 
tbm and I^ht to bear up the vapoun; and in the kf^r 
caie, too denfe and heavy to kt them feU. 

M/e. In ail expeiiments made with mercury, by the air* 
pumfH there fiiould be a fliortfnpe fcrewed intht holciid 
^ pump ptate^ jibas to rife about an inch *aboire thsfrfat^ to 
' . .ptvvtn^ 
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prevent any <)iuckfilver from getting into the air-pipe and 
barreb ; for, ihould any get loofe into the pipe or barrels, it 
ipoib them, by loofening the folder, and corroding the bra& 

To fiiow the elaftidty or fpring of the air, fcrew the pipe 
A (f^* 9) into the pump plate, and place the receiver (^ 
H, upon the plate e d^ which is £xed to the pipe, and ex* 
hauft the air out of the receiver; then turn the cock #, to 
keep put the air, and unfcrew the pipe firom the pump, and 
fcrew it into the mouth of the copper veilel A (fig. io\ 
;whtch is half filled with water. Then, upon openmg the 
cock r, the elaftif^ity of th^ air which is confined in the 
upper part of the copper veflel A, will force the water up 
through the pipe A B in a jet or fountain, into the ex- 
^ufted receiver. 

There are a great number of other experiments to be made 
with thb ufefiil machine, the air-pump, as:— >i. To (how 
how neceflary air b for the fupport of animal life ; by put- 
ting any fmall ammal under a receiver, and exhauiting the air, 
a. The different efieds it has on different l^ies ; by increa& 
ing their gravity.— 3. How long it will fupply fiame of fiiel ; 
by putting a lighted candle under the receiver. — 4. The 
property of air in conveying ibund ; by putting a bell under 
iht receiver, and ftriking it when the air b exhaufted, &c. 

a. Of the BaroTneter. . 

Thb is an inftrument uied.for meafuring the wright of 
die atmofpbere^ foretellii^ the changes of weather, and 
jncafuring the hdght of mountains, ftc 

The common barometer b formed of a ^ads tube, her- 
metically fcakd at one end, and fifled with quickfilver, 
defecated, and purged of its air. The open tad of the tube 
u then immerfed in a veiel of quickfilver; and by the 
pfeflure of- the atmofphere 00 the quickfllver, in the open 
veflei| the mercury in the tube will rife to the height of 
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twenty;nioe inches and a half, when the weight of the atmo* 
fphere is at a mean rate. When the weight of the amso- 
fphere is^ greateri then the ipercury in the tube will rife 
bigher ; and when the weight of the atmofphere it k£i than 
its mean weight, the mercuiy in the tube will fall lower. 

To amfirua the BaroftUter. Being provided with a glaf$ 
tube of one tlurd or one half of an inch wide (the. wider 
the better), and about thirty-four inches long, being dofe 
at the top, or hermetically fealed, pour into it wdl-purified 
quickiGlver, with a fiiiall funnel, of either glafs or paper, 
till it wants about ludf an inch ai being full ; then floppiiig 
it clofe with the finger, invert it ilowly, and the air in the 
empty part will afctnd^gradually to the other end, and coU 
Ie£t in its way any fmall air*bubbles, which will unavoidably 
get in, in filling the tube t then again invert it : and thus 
continue to invert it feveral times, turning the two ends al* 
ternately upwards, till all the air bubbles are colleded, and 
brought up to the open end of the tube ; then the tube wHl 
appear liKe a fine polifhed fleel rod, without a fpeck in it. 
Tlien pour in a little more quickfilver to fill the tube quite 
upf and fropping the open end of the tube with the finger, 
invert the tube, and immerfe the finger and end of the tubc^ 
t|)U6 (lopped, into a Won of purified quickfilver ; withdraw 
the finger, and the mercury will defcend in the tube to 
fome pl^ce betweeq ifc8 and 3 1 inches abqve the mercury in 
the open vefTel, as thefe are the limits between which it al* 
ways (lands in this country, on the common furface of "the 
^earth. MeaAirc from the furface of the quick(ilver in the 
open veffel, to the. hei^^ht of twenty-eight inches, and alfo 
to the height of thirty-one inches, dividing the three inches 
between thefe two numbers, into inches and tenths of an inch, 
which are marked on a (c'sic placed againft the fide of the 
tube; and the tepths fubdivided into hundredth parts of an 
Jncb, by a (lidiDg index, carrying a vernier or mnius, The(e 
fjirce inches, txtween twenty •eight and thirty-ox^, divided 

thus, 
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^busy wili aofwer all the purpofcs of a ibtionary or chaiabe 
iNirometcr ; but for experiment on akitiide and depths, it u 
nectflary to have the fcales continued higher up, and a great 
deal lower. 

Several precautions are neceilary ia filling the tubci and 
fitting up the barometer, as: — i. The bore of the tube 
ihould be pretty wide^ to allow a free motion to the quickfil* 
ver.— 2. The bafon at bottom (hould alfo be pretty larger 
that the furiace of the mercury in it may not fenfibly rife 
or fall with that in the tube. — 3. The bottom of the tube 
« fliould be cut off rather obliquely, that, when it reds on the 
bottom of the bafon, there may be a free pafiage for the 
quickfilver. And, laftly, It is beft to boil the quickfilver 
in the tube^ which will expel all the air from it, and render 
it very pure. 

This inftrument owes its invention to TmceUi^ the difciple 
of Galileo, who lived about the beginning of the feventeenth 
century, and who having difcovered that water* could not be 
raifed in a pump unleft the fucker was within 3 3 feet of the fup» 
£ice of the well, defired Toricelli to inveftigate the caufe of it. 
After fome time, Toneelli difcovered, that the prelTure of the 
atmofphere was the caufe of the afcent of the water in the 
pump ; and that a column of water, 33 feet high, was the 
juft counterpoife to a column of air of the fame bafe, and 
which extended up to the top of the atmofphere : and this 
was the true reafon why tl^e water did not aibend any higher. 
He alfo difcovered, that a column of quickfilver, about 2\ 
feeit high, would be a counterpoife to a column of wiiter of 
the &me bafe, and 33 feet in height ; as quickfilver is 
nearly 14 or rather 13.6 times heavier than water. This 
fuppofition he foon verified, by filling a gUi& tube with quick- 
filver, and^ inverting the open end of it into a bafon of the 
iame, when the mercury defcended till its height above that 
in the bafon was above %\ feet, jufi as he expeded. 

It 
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6. In ftir WMlher^ wbea the mercury faUs much and low^ 
iud condnues b for two or three dty s before the raio comeS| 
theil expcA a great deal of wet^ and probably lugh windik. 

7. The uniettled motion of the mercury denotes unoectaw 
and chango^fe weather. 

2. Youarenotib flriffly to obferre the words engrared on 
the phue, as the mercury's nfing and falling: thought m 
feneral^ h wiU agree with them. For, if it ifind at the 
words 3&eA Aims then rifes up to datiggMef h prefiigei 
jGmt weather; though not to condaue fo long as if the mer^ 
cury iMui rifon higbc and on the contrary, if the mercury 
ilbodat A»«!| and Alb to OoMjgtaSkjkpnA^Mi wettfaer; 
though not (6 much of it as if it had funk lower. 

Upon tbefe tules of Mt. Pairiek^ Mr. Rtwahg remarks, 
tiiat it Is not ib ttiudi the abfohite height of the mercory ia 
the tube that indioalcs the weallier, as its motion up and 
down ; dierefefee^ 16 pafs a rijght jwdgmcdt of what waAmt 
is to be eaipedM^ we ought to knlbw whether the mercury is 
a&uaUy ^n^ or^&llii^ ; to which eUd the ibUowing mlas 
AottU be obferv^ ; 

^. If the fiir&ice of the mercufy be convex (fiandiqg 
higher in the middle of the tube than at tbe fides), it is n 
%9 that themeroury is then rifing. 

10. But, if the furlttGe be concave (or hollow in the miik 
die), it is then inking. 

11. If itbepbun, or rather a Ihtfeconres, tfaemenwyis 
ftationary ; for, mercury being put into a. g^ tube, e^ 
cially a fmaU one, naturally has .in fuiiace alittle miv8r{ 
becaufe the fMUtides of mercuiy attrad each otfinr worn 
forcibly than th^ are attrsAed hy the^bft. 

10. SooictiiDas the mefcnty will fliok'lo the fides of tb) 
tube; ^ei^foic^ when «n oUervatioD is -so be made -with 
fiach« tube, the tube ihould be fiiakonu little ; tlan,ff ttaa 
air be gitmn heafvitfr, the tneitouiy •will -rife about a t w antkrii 
•f <an inch higiher : >bttt if die air be iightor, it will ikiksas 
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mucb: and If ir be the wheel barometeri tap it gchtly with 
the finger, which will give the mercury a free motion. 

To the fbrsgping rules may be added the foUowiogp taken 
firoro later and clofer obfervations : 

13. In winter, fpring, and autumn, the fudden Ming of 
the mercury, and that for a hu^e fpace, denotes high winds 
and dorms; but in fummer, it denotes heavy (bowers, and 
often thunder; and it always finks loweft of all for great 
winds, though not ^accompanied with rain; for wind and 
tain together, it falls more than for either of them alone. 
Alfo, if, after rain,, the wind change into any part oT die 
North, with a clear and dry fky, and the mercury rife, it is 
a certain fign of fifiir weather. 

14. After very great ftorms of wind, when the mercury has 
been low, it commonly rifes very fiaft. In fettled, fur, and 
dry weather, expert but little rain, except the barometer 
fink much; forafmall finking then, only denotes a little 
wind, or a fiew drops of rain; and the mercury foon riles 
again to its former (lation* In a wet fcafon, fuppofe in hay- 
time and harvefl, the fmalleft finking of the mercury mufi 
be noticed, {ox^ when the conilitution of the air is much in- 
clined to ihowers, a little finking then denotes more rain, as 
it never then fbnds very high ; and if in fuch a feafbn it 
riies fuddenly, very, fail and high, expe6l not fiur weather 
more than a day or two, but rather that the mercury wiD 
&11 again very foon, and fain immediately to follow : the 
flow gradual rifing, and keeping on for two or three days, 
being moft to be depended on for a week's fieiir weather ; and 
the uniiettled fiate of the quickfilver alwa3f$ denoting uncer- 
tain and changeaUe weather, efpecially when the mercuiy 
ibnds any where about the word CkangeahU on the fcale* 

15. The greateft heights of the merairy in this country 
are.'found upon eailerly and north-eafterly winds; and it 
may often run or fnow, the wind being in thofe points, and 
the barometer fink' little or none, or may even be in the 
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fifing flate the .effect. o£ Aofc winds coumeni^ng.; But the 
mercury finks for wind aa well as rain in all the other points 
of the compafs ; but rifes as the wind fhifts about to the 
north, or to the eaft| or between thofe points; but if the 
barometer ihould fink, with the wind in that quarter, expeft 
it foon to change-from thence ; or elfe, ihould the £dl of the 
mercury be much, a heavy rain is likely to eofue. 

x6. The barometer being lower, and continuing fo longer 
than what can be accounted for, by immediate falls^ or ftormy 
weather, indicates the approach of very cold weather for the 
feafon; and alfo cold weather, though dry, is always ac- 
companied by a low barometer, till near its termination. 

17. Warm weather b always preceded, and moftly accom* 
panied, by a high barometer ; and the rifing of the barome« 
ter, in the time of cold weather, is a (ign of the approach of 
warmer weather : and alfo, if the wind be in any of the cold 
ppints, a fudden rife of the barometer indicates the approach 
of a foutherly wind, which, in winter, generally brings rain. 

The barometer is alfo found to fink in a certain ratio to 
its difiance from the furface of the earth: it is, therefore, 
ufed for meafuring any accefiible heights. Various rules 
have been given by writers on the barometer, for applying it 
to this purpofe, or computing the height afcended, from the 
fsM of the mercury in the tube, the mofl accurate of which is 
that of Dr. Hailey, now greatly improved by De Luc, by in- 
troducing into it the correction of the columns of the mer- 
cury and sdr, on account of heat, with other corrections and ' 

modifications. This rule Is as follows, viz. 10,000 x logarithm 

M 
of m is the altitude in fathoms, in the mean temperature 

of 31 de^ees; and for every degree of the thermometer 
abof e that, the lefult mufi be increafed by fo many times its 
435th part, and diminifhed when below it. In this theorem 
M denotes the length of the column of mercury in the ba- 
rometer tube at the bottom of tlie hill or eminence; and m 
voi» ri. ' ' XX denotes 
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tteteft BtflKfiipof *iihtn«ranbrooei Mdit 
t to te tfUki^reA, flMtlliet«r«kiiihw78te6iliDi»0f fis 
Bii^Mi Ibit-ctdb* 

At Utt fiate «r wiatiMi Is ths bammtBr ii tat ianU, 
Mng iMMkd wiMa tHrdb ifichesi vift. inm si tD 31 
fackes, lhr«dl ooBtrivmiatt imve beeo4den£Bd fbr^ntagiiig 
the fcale, 4o vernier <ibe AmN vtiiaiikmtnftlKVMaciirjr vhk 
«|l|MroMt; iMi Ims gyren rife t» the iwiiBeiim tif ifo «uny 
4iMefftiit khidi ^ biMMMiars i«--A 4w of 

!• Tki M&gmtal Batmmiten 

This b a method of eohrging the common fcalc of three 
inchet peq)eiiclicular height, by extcadii|{ it to any Itog^ 
B C (fig. 11), in aa oblique direAion. This barometer was 
anrented by Sir Samuel MoitUnd. The perpeadicukr he^bc 
of the diagiQoal part B C| b equal to the leak of variation 
of three inchesi or C I; and canfiiquently^ while the mer* 
cniy in the common barometer rifes the whole length of the 
fcale, which b three inches, and equal to I C ; in thb bafo- 
sneter it will more from B to C : thus the fcafe b enhupd 
in this barametei^ in Che proportioo of B C tt>I C. But it 
b foundi that the dfa^onal part 3 C cannot be bent Srwn die 
perpemficulafi more than m an angle of 4( dqgreo^ wUdi 
increafes the icale only in the proportion of ; to. 5. This 
Ibrm is liable to ibme inconveniencesi on account of the ob- 
liquity of the part B C, which makes the mcrcuiy fi«|iiatt*> 
ly divide into feveral partb, and renders it uecei&rj to iD the 
'tnbe ag[dn« 



a. The Hor'wmUdl ^Refha^kr 

Thb barometer (fijg. la) was the innndoQ of J^« JSr- 
p$iilii\ MndCgfimi^ and confifls of a tube A C DEt fadedit 
the upper end A, and bent to a rig^ hogk at S ; .the ead 

FbdH 
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F being oyco. The mercuiy, ta thiiy ihnda in both kgn 
from £ to C. The^ fcale of variation from D to F is beie 
made larger ; 'and it is evident, in moving tiiree inches from 
A to C, it wili n^ve as much more iq the fmall leg D F, as 
the area of the tube at A C is greater than that of ,D F : 
whertfore the motion of the mercury at fi muft. htf very 
ieafiUe* ThDugh the end of the tube F be opm, yet the 
morcury cannot run out, being oppofiod there by the pref> 
furc of the atmofphere. This infiniment is founded on thai 
cheoieai ia Hydrofiaticsi that fluids of the fktqie -baft pvaft 
according In their perpendic#Mr aititudi^ and 9ot according 
to the qwuiikyef their matter* .Sothatihtfiuiiepfvffitfeiaf- 
^una the quickfilvcTt that fiUs the tube A D F« and the pf<- 
icm C; aa would fupport the mercury in the tub^ nkor* 
This form is» bovever, liable tt ibn»e i^caofeQieQcea; fo 
the attrition of the mercury ^ffioA the fide nf the giafii mi 
the quick motion of it in the p^rt D F, is a|it to break the 
mercury, and render its motioos unequal : it is alia 9p| tt 
he thrown wit at the open end F, by any fiid^en ibockf 

'■ ^ . 
3« Dr. Hook's Wheel Banmuier {Fig. 13). 

Thb baremctcr tobe bu a large bdl A at the ftp, eodii 
%ent up at the lower end, whkb is opca« wlieic an jroo baH 
floats on the top of the mercury in the tube, and wfaich Ml 
is oonneft e d to another ball H, faang^ig freely evier a foDey^ 
and turning an Index KAbooths eentes. When the mewiiiy 
rlfes in the pen K, k ndfes the beO, and the other baH H 
4efiKnds, and turoe the poHcy with the index ro« nd a fmrloaM 
<AKSle from M tewaids N ; and the oosMraiy wtsf when 
the quickfilvcr and the beU fink in the bent pert ef the 
tube. This fcale is eafily eahurged 10 or la fokl, bdng in>' 
creafed in prdpoftion to tfie axis 4if llw polity ta the Isngdi 
6f the index K* If this InAfuuent eMni be QonnDnAeB 
without any friMen «f thepniey and«riS| it wodiltfiAeer 

X z ^ ' - enlplRieiy 



OF PHSUMATICS. 341 

The Ar-ffm. 

This iaftniment is an ingepious pneuauuiGd invention, 
for driving a bullet, with great violence, by means of con* 
denied air, forced into an iron ball by a condenlbr* 

The condenfor (fig. 15) has at the end a, a nnale fcrew^ 
on which the hollow bail b is fcrewed, in order to be filled 
with condenied air. In the inlide of this ball there is a 
valve, to prevent the air from efcaping (after it is injeded 
into it), until it be forced open by a pin, A (fig. i6). 

When the air is to be condenfed into the ball, place your 
feet on the iron crofs, k h^ in order to hold down the pifloa 
rod dc i then lift up the barrel ia by«the handles i /, until the 
pifion c be brought below the hole ts the barrel a c and ball 
b 'Will then be filled with air through the hole e. Thea 
thrud down the barrel a e^ until the pillon d c re^cb the neck 
of the iron ball at « ; then all the air between • and a will 
be forced up through the valve into the ball; and when 
the bandies 1 % are again lifted up, the valve in the ball will 
clofe, and fo keep in the air: thus by rapidly continuing 
the fbokes up and down, the ball will prefently be filled : 
then unfcrew the ,baU from the oondenfoi^ and fcrew it upon 
another male fcrew, which is conneded with the barrel, 
and goes through the flock of the gun (fig. 16). A bullet 
then being depofited in the barrel of the gun, the hammfsr of 
the lock at a Ifarikes againft the pin, which opens the 
valve in the ball, and lets 6ttf as much an: as will drive a 
mufket-ball to a confiderable difbmce. 

There are fevcfral kinds of airrguns ; but that here de- 
fcribed, is the moil improved and ufefiil, as the gun need 
aot.be any larger thaii a fmall fbwliog-piece: and feferal 
balli^ fill«i)4inth condenfed air, may l)e taken to any dif* 

« 

Uncc ftpm home with very little trouble, and which will 
/ave the trouble of filling the fame ball every time it is wanted. 
A ball of i\ inches dijuneter may be nude to contain twelve 

penny* 
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pennj-wdgbtt of air, wUcb will difcharge la or ij bullets 
with coofiderable force. 

Tbett* are feme air-gimg that have a finaBer ftwrel con* 
fntied WKniit a largcf ooei and the fp&ot' between th^ tw^ 
barrels holds the condenied air. In thit tuftni mcat there it 
t Tslire fixed at a (fig. t6), with a eondefifor fixed to the 
barrel at 4, and contmued through the but end to t^ wbeve 
Ae pifton rod may be left in. Here the whole gun fennes 
htftead of the handles 1 i (fig. 15), to condenft the air hito 
thebamtfl. 

The magaame an*-gun dtflfers fhim the others, by having a 
fferpentme barrel^ which contains 10 or la bulleta: tbefe 
are brought into the battel of the gun fucceffivdy, by nieaaa 
«f a kfver; and they may be <Bfcfaarged as !bft as if they were 
ui frparate gnns. 
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CHAP. XVIIL 
Of hydrostatics. 



X. HmftofTATics treat of the e^piiBbriom ef Intt; 
or the gravitation of flidd bodies ranaiateg wl Mit Wlca 
thik equUibrhim fe removed, and t» AeM Mf ftt in 
metion, the efie^ it then ptodueet are eaBed gy d Ww S e/. . 
a. A fy/dm is a bent tnbeO^. Si pkfle a3>. 

SA 







|«A/W«r bmkijkl of ^aporoover, fixed toafupe, of 
10 tbe apttture ^f may i)«irf ^'^'^ 'whick, bf optoixig oaif 
ime'WBjEy iaStn foiacDrMoy tjiad htkAjto ptfi, but O0t%^ 
rtturn. 

a^A fJ/bm is • foattll cylinder, fixed tO'tbe end 4if a 
rod, and fitted to the bore of a [»pe, and fvcqucofty^coo* 
tumavabre. 

a. AliAiiklB, eweaptw, are inuimy w il bfe, ^r fawapabk of 
being connpreficd dnfio a k£i fpace. 

2. in a ncflel of watec, or any other £ttid body^tbe pref* 
£att of abe upper pwts ,on tfae lover is in proportion tothe 
4lcpdi ; and is itiie £nne «t tbe fiune dsptfa, wbiteiKr ibe 
diameter of the veflel may be. 

3. The.pnflaie of a fluid .upwards, is.tqualtfiDils psaCure 
downwanis, atjuiy givenidepth. 

4« Tbe bottom and (fidei of a vellel are 'pielM hf^bt 
UnUit contains, .in 'proportion to its Iwigiit^ witbout mf 
jtgaiU ID' tbe quand^* 

5* If fluids of difltrent gravities'be'CoalUQed mtbe^pae 
irefiU, 4be iKsnrieft will be at the bottom, theiigbtoR atthe 
top, and tlKvOtbess will be further diibnt irom >the ^top'!^ 
ytuputtiou tDitheirifpecificgnKriiies. 

6* The direction of the preflure of a fluid agaioft -the 
iidn of :tfae vfflel which contains it, is in lines perpendicu- 
lar to tbe.fidescof fuchvefleL 

7* A^bodftbat k heavier' than an equal quantity -of a fluid, 
av&l fidkfai that fluid; but, if it be lighter, it wiU.fwim gt 
Acitop^ tbeAme fluid ; ^and .if it beof the'iame gsavitjr, 
itariQ ncidier fink nor fwin, ^but will remein fufpeodedia 
any part of the fluid. 

8. A folid immerfed into a fluid, is pccfled by that fluid on 
all fides, in proportion to the height of the fluid above the 
iblid. And bodies very deeply immerfed in any fluid, may 
te .tonfidered as equally prefled on all fides. 

9* Every 
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SECT. I. 

OF FLUIDITY. 

A FLUID body, in Sir Ifaac Newton's definition, is m 
body yielding to any force imprejfed^ and whicA has its parts 
very ea/ily moved one among another. This is the definition of 
a perfect fluid : if tlie fluid require fomc fenfible force to 
move its parts, it is an imperfect fluid ; and the ]mperfe£^ion 
is in proportion to that force : fuch perhaps are all the fluids 
with which we are acquainted. 

Fluids are either elailic, fuch as air ; or non-elaftic, as 
water, mercury, &c. The latter are incompreinbie, and 
occupy the fame fpace under all preflures or forces; but the 
former dilate and expand thcmfelves continually, by taking 
off the external prefTure from them. The properties of the 
former fluids conftitutc the doftrine of Pneumatics, before 
treated of; the latter contaiq the principles of Hydroftatics. 

Fluidity differs from liquidity, or humidity ; the latter im- 
plying wetting or adhering. Thus, air, ether, mercury, •* 
and other nielted metals, and even fmoke and flame, are 

1 

fluid bodies, though not liquid ones; while water, beer, 
milk, &c. are both fluids and liquids. 

The modern opinion concerning the original and conftitu- 
ent parts of fluids, is, that they are fmall, fmooth, hard, glo- 
bular particles ; confequently, each particle mufl be a folid 
globular body ; and confidered fingly, is no fluid; but be« 
comes a fluid, by being joined with other particles of the 
fame or a fimilar kind. 

That the particles of fluid bodies are very fmall, is evident, 
from their texture having never been difcovered by^the fined 
microfcope : that they are fmooth, appears from that free- 
dom wherewith they glide over one ^n6ther, when fet in mo- 
tion : that they are hard and impenetrable, is plain from their 

rot. II. T Y being 



J46 0» ttn>R08TATlCS. 

being incapable of compreifion i and that they are fpncrical, 
is obvious, from their being fo eafily put m motion ; and 
from the interftices or vacancies^ which are hereafter proved 
to fubfift between them ; which could not be the cafe, unlefs 
they were fpherical, and touched each other only in fome 
fingle points of their furfaces. For, upon mixing fait with 
m'ater, a certain quantity of the fait will be diflblved, without 
incrcaHng the dimeniinns of the wnter; which demonftrates 
the vacuities between the particles of the water. When a 
fluid becomes more buoyant, it is a proof that its ipecific 
gravity is incrcafed, and confequently, many of its vacuities 
filled up ; and even then it may receive a certain quantity of 
other diffoluble bodies, the particles whereof are adapted to 
the remaining vacancies, without adding any thing to its 
bulky though the abfolute weight of the whole AM be 
thereby increafed. This is demonilrated by taking th^ 
weight of a phial of rain water with a nice balance : when 
the water is poured out, and fome fait added to it^ and the 
phial again filled with the water, it will be found to weigh 
more than when before the fait was put in, from the va- 
cuities of the freOi water being filled with faline particles. 

It has alfo been found by experiment, that the particles 
whereof fluids are compofed, confift of fpheres of different 
diameters, whofe interftices may be fuccefiively filled with 
proper ingredients ; and where thefe interfHces are fmaller, 
the gravity of the fluid will be greater, and vice verfa. 

For example : if a barrel be filled with any large fpherical 
bodies, as bullets, many fmall fhot may afterwards be placed 
in the interftices of thefe bullets ; the vacuities of the fhot 
may then be filled with fea fand ; the interftices of which 
may again be filled with water, which will alfo admit of a 
certain quantity of fait in the vacuities; and thus the 
weight of the barrel may be greatly increafed, without in- 
creafing the fpace occupied by thefe materiab. This reafon- 
ing alfo holds good in fluid bodies, as well as in thofe which 
arc folid ; for river water will difTolve a certain quantity of 

falti 
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fait ; after which it will diiTolve a certain quantity of fugar ; 
and after that a certaii| quantity of alum ; and then perhaps 
will receive other diflbluble bodies, without increaiing the 
dimenfions of the whole. 

If fluids were not compounded of fuch primary particles, 
but made up of one homogeneous fubftance, equally detife, 
without confidence, there would be no difference in their 
fpecific gravities, and all fluids would be of the fame weight, 
which is not the cafe. 

That a fluid has vacuities, is evident from the following 
confideration, viz. if all fpace were abfolutely fiill of matter, 
that matter mull be either fluid or fixed. If it were fixed, no 
motion could poffibly be therein, as is evident from reafon 
and experience ; it mufl therefore be fluid. But a fluid with- 
out vacuities would be denfer, and confequently heavier, 
than all other fluids; and if denfer, all bodies will emerge 
and fwim at the top, by hydroflatical laws, and there 
would be no fuch thing as gravity. But as gravity exifls, 
all fpace therefore cannot be filled, even with a fluid. 

By the experiments of Borcelli^ it has been demondrated, 
that the coniUtuent parts of all fluids, are not fluids them* 
felves, but confident bodies; and that the elements of all 
bodies arc perfeAly firm and hard. The incompreffibility of 
water, proved by the Florentine experiment, is a fuflicient 
evidence that each primary particle of this fluid is a perfeA 
impenetrable folid. 

This famous experiment was fird attempted by the inge^ 
nious Lord f^erulam^ who enclofed a quantity of water in a 
piece of lead, and found, that the water wonld fooner make 
its way through the pores of the lead, than be reduced to 
lefs comp^fs, by any force that could be applied. This expe- 
riment was afterwards made at Florence, with a globe of 
filver; which being filled with water, and well clofed, was 
gently prefled, when a fmall quantity of water ifliied through 
the pores of the filver in the f[>rm of dew, 

V V a The 
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3. The fpecific ^vities in bodies of the fame abfolute 
weight are reciprocally as their bulks. 

4. The fpecific gravities of all bodiei are in a ratio com* 
pounded of the dire^ ratio of their weights, and the red* 
procal ratio of their magnitudes. 

5. The abfolute gravities, or weights of bodies, are in the 
compound ratio of their fpecific gravities, and magnitudes or 
bulks. 

6. The magnitudes of bodies are direftly as their weights, 
and reciprocally as tiieir ipecific gravities. 

7* When a body is immerfed in a fiuid that is fpecificallj 
lighter than the body, the' body lofes as much of its weight 
as is equal to the weight of a quantity of the fiuid of the 
fame buili or magnitude. 

Therefore, the fpecific gravities of two bodies are as the 
abfolute gravities, under the fame bulk. The fpecific gravity 
of the fiuid will be to that of the body immerfed in it, as the 
part of the weight loft by the folid is to the whole weight* 
And the fpecific gravities of two fluids are as the weights 
iofl by the fame folid immerfed in them. 

8. The fpecific gravity of any fiuid or folid body is found 
as follows : — Sufpend a globe of lead by a fine thread from 
one arm of a balance, and to the other arm fiifien an equal 
weight. Immerfe the globe of lead into the fluid, and ob- 
ferve what weight it will require then to balance it, and con- 
fequently what weight it has loft, which is proportional to 
the fpecific gravity of the fluid, compared with the whole 
wei<^ht of the folid. Thus the proportion of the fpecific 
gravity of one fluid to another, is detefmined, by immerfing 
the globe fucccfii vely in all the fluids, and obferving the 
weit^ht the globe has loft each time, which will be the pro* 
portions of the fpecific gravities of the fluids. 

This operation alfo gives the fpecific gravity of the folid 
immerfed, whether it be a globe, or of any other ftiape, if 
the gravity of the fluid be known. For the fpecific gravity 
of the fluid is to that of the folid, as the weight loft is to 
the whole weight • 9^ Tb 
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The foregoing theorems have been fufficiently demonftrated 
by various authors, from the principles of mechanics : the]f 
are alfo exactly conformable to experience; as hath been 
fufficiently proved from feveral courfes of philofophicat 
experiments. 

Various tables have been given, by different authors, of the 
fpecific gravities of many kinds of bodies. It will be fuffi« 
dent in this place to give the fpecific gravities of fome 
of the moft ufeful bodies that have been determined with 
greater certainty and accuracy. The numbers in this tablo 
exprefs the mimber of avoirdupois ounces contained in » 
cubical foot of each btxiy ; that of common water being juft 
looo ounces, or 62^ pounds. 

Table ofjpecific Gravities. 
I. Solids. 



Platina, pure • . 


23000 


Crude antimony 


• 4000 


Fine gold • • • 


19640 


Diamond • 


• 35^7 


Standard gold 


18B88 


Granite 


• 3530 


Lead 


11325 


White lead . 


• 3160 


Fine (ilver • 

1 


1109X 


Ifland cryflal 


2720 


Standard filver 


I0S3S 


Marble 


2 70S' 


Copper 


9000 


Pcbble-ilone 


. ... 270* 


Copper halfpence • 


8915 


Rock cr\'(lal 


2650 


Gun-metal 


8784 


Peari • 


• 2630- 


Fine brafs 


8350 


Green glafe 


• 2600 


Cafb brafs 


8000 


Flint 


2S70 


^teei • • • 


7850 


Onvx flonc 


• 2510 


Iron • • • • 


764s 


Common* flone 


2500 


Pewter • • 


7471 


Cryflal 


22 10 


Caft iron • • 


74^5 


Clav 


2i6a 


Tin • 


7320 


Oyfler-fhells 


2092 


Lapis calaminaris • 


5000 


Brick 


2000 


Loadftone • 


4930 


Common earth 


• . 1984 


Mean fpecific gravity 


of 


Nitre 


• 1900 


the whole earth • 


4500 


Vitriol 


1880 

Alabafler 
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9. The fprdfic gravity of a foUd thai ii lighter rhan the 
fluid in which it isimmtrfnl, iifixind by ihe Mowing prt^ 
cds. Toihe lighter body, whofe fpecificgnvit^ isrequirtd, 
annex another body, that ii much hnvier than the fluid, fo 
tliat [lie conipoiirid mafi may link in the fluid. Weigh the 
heavier body, and the compound inafs, leparatelv, both in 
water and out of it ; ihen find hou- much each lofes in wa- 
ter, by fubtraciing its weiglit in «',ict:r from its we^^ht iu vr ; 
aid fubtraA the leli of thcfe remainders from the greater; 
then fay, aj thi.^ laft remainder is to the « eigiit nf the ligiiter 
body ill air, fo is the fpecific gravity of tnc fluid to ihe f[)e. 
cific gravity of iliat body. 

10. The fpecific gravities of bodie<;nf equal n-dghts are 
reciprocally proportional to the quantities of wei|ht toft in 
the fame fluid. Hence h found the ratio of the fpecific gra- 
vities of folids, liy weighing in the fame fluid, mifles ot 
Ihem that weigh equally in air, and noting the jk'eight bft b) 
each. 

ir. A body defcends in s fluid tlut is fpeafictlly 
lighter, but afcendi in a fluid that n fpcciflcallr baviei. 
with a force equal to the diflference benvren its wc^ht ai:- 
the H-dght of an equal bulk of the fluid. 

19. A body links in a fluid that is fpeciflcally boTier, 
hr, as that the weight of the body is equal to the w«ghi 
a quantity of the fluid of the fame bullc as the put of ' 
body which ii imitierfed it. the fluid. Therebre^ u 
fpecific gravity of the fluid is to that of ihc body, fois 
whole nugriitude of the body to the magnitude of the ; 
immeried. By this theorem is found the abfolute weigh' 
any body imnierfed in a fluid: for the wdght of i. 
quantit)- of the fluid which ii difpjaced by the folid boc- 
alwa}-i equal to the whole weight of the folid; thu, 
boat on the water be fo loaded, that ititifptace thiectfb 
feet of water, its whole weight will be 3000 a 
pounds thu being the wdght Oj 

ij. In equal lolids the fpa 
iiDinerfed in the £uce £ 
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fei^M^ 


Alabafter • 


1874 


Bnttil wood 


• 


103 I 


Horn - • • 


1840 


Boxwood 


• 


1030 


Ivory • • 


181$ 


Bees wax • 


• 


95; 


Sulphur • » 


1810 


Butter 


• 


940 


Chalk 


1793 


Oak 


» 


923 


Solid gunpowder • 


'745 


Gunpowder, fliaken 


922 


Alum 


1714 


Logwood • 


• 


9»3 


Dry bone 


1660 


Ice 


• 


908 


Sand • 


i^ao 


Aih 


• 


8co 


Lignum vicx 


1327 


Maple 


• 


755 


Coal 


1250 


Beech 


m 


700 


Jet 


1238 


£lm 


• 


600 


Ebony 


1177 


Fir 


• 


55^ 


Pitch 


1150 


SaiTafras wood 


• 


48s 


Rofin 


IIOO 


Cork 


• 


240 


Mahogany 


1065 


New-fallcu fnow 


• 


S6 


Amber • 


1040 










a. Fluids. 






Qnick(il%'er 


136CO 


Ale • . 


• 


1028 


Oil of vitriol • • 


1700 


Vinegar 


• 


1026 


Oil of tartar 


1550 


Tar 


• 


loi; 


Honey 


I4SO 


Common water 


• 


leoo 


Spirit of nitre • 


U»5 


Diftilled water 


• 


993 


Aqua fortis • • 


IjOO 


Red wine 


• 


990 


Treacle 


1290 


Proof fpirits 


• 


931 


Aqua regia 


1234 


Olive oil 


• 


913 


Human blood 


io$4 


Pure rpirits of wine . 


866 


Urine • • • 


1032 


Oil of turpentine 


• 


800 


Cows milk 


1031 


JEthcr 


• 


726 


Sea water • • 


1030 


Common air z.2' 


52, or, 1^7^ 



As thefe numbers are the wdgbts of a cubic foot, or 
1728 cubic inches of each of the foregoing bodies in avoir- 
dupois ounces, the quantity, in any other weight, or the 
weight of any other quantity, may be found by proportion. 

For 
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For example, requiitd tbe^ontent of an irregular block of 
cocnaion ftooe, weighing one hundred weight, or 179a 
ounces : bere| as 2500, the ounces in !a cubic foot of cono* 
nion ftone, is to 1792, fo is 1728, the inches in a cubical 
foot, to 12384 cubical inches, the contents. « 

Again, what is the weight of a block of granite, the length 
wher^f b 63 feet, and the breadth and thicknefs each 12 
feet, being the dimenfions of one of the ftones of granite in 
the walls of Balbeck ? Here the folid content of this fione is 
9072 feet; therefore, as i is to 9072, fb is 3500 ounces to 
31,752,000 ounces, or 885 tons 18 cwt. 3 qrs. the weight 
of the ilone. 



SECT. 11. 

THE CONSTRUCTION AND USE OF THE HYDROSTATIC 
BALANCE^ RYDROMETEB, AND HYDRO- 
STATIC BELLOWS. 



The Hydrqftatic Balance. 

Tbb hydrofiatic balance is the moft convenient inflrument 
of any hitherto invented, for difcovering the fpedfic gravity 
of all fubftances, whether fluid or foljd. It is conilrufted 
in various forms; but that wiiich is mod generally retained 
is the following t 

V C G (fig. I, pUie 23) is the fiand or pillar of the inftru- 
ment, which is to be fixed in a table. From, the top A, by 
two filken firings, hangs the horizont^ bar B B, from which 
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is fufpended by a ring r, the fine beam of a balance ^, ivhkh 
is prevented from defcending too low on each fide by the 
gently fpringing piece /, r,^, », fixed on the fapport M. The 
harncfs is annulated at «, to (how cxaftly the perpendicular 
j)ofition of the exanTen, by. the fmall-polnted index fixett 
above it. On each fide of the piece A is a pulley, ovtr 
which pafTVs a ftriiig, which goes down to the bottom on 
the other fide, and hangs over the hook at V, which hook 
IS moveable about an inch and a qtiarter, backward and for- 
ward, by means of tlie icrew P, fo that the balance may be 
raifed or deprefled fo much. But when a g re at er elevation 
or depreifion is required, the Hiding piece S, which carries 
the fcrew-pin, is readily removed to any part of the fquare 
brafs rod V K, and fixed by means of the fcrew. 

By thefe means the motion of the balance is adjufied ; the 
other parts of tht apparatus are as follow : D is a piece to 
fupport the fmall board H H, fixed under the two fcales </and 
^, and is moveable up and down by a long flit in the pillar 
above C, in which D Aides, having a fcr^w in the back part 
to fafleo it when neceflary. From the bottom of the middle 
of each fcale d and ^, hangs a brafs wire a d and ac^byz fine 
hook ; th^e wires pafs through two holes, m nr, in the table« 
To the wire ad \b fufpended a curious cylindrical wire r j, 
perforated at each end for that purpofe. This wire r sU 
covered with paper, graduated by equal divifions, and is 
about five inches long. 

In one corner of the board, at E, is- a fixed tube of brafs, 
on which a round wire // / is fo adapted as to move fomewbat 
freely, by its flat head I. Upon the lower part of this moves 
another tube Q, which has fufKcitnt friction to make it re^ 
main in any pofition rec|uired ; to this is fixed an index T» 
which moves horizontally when the wire ^/ is turned round; 
and therefore may be eafily fet to the graduated wire r j. To 
the lower end of the wire r s hangs a weight L, which has 
a wire^;r, with a fmall brafs ball g at the end, about a 
quarter of an inch in dbmeccr. On the other wife a r, from 

the 
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the Other fcale^ hangSy by means of a hoxfe^hair^ a laige 
glafs bubble R. 

To apply this inffaiiment to ufe, let the weight L be taken 
away, and a wire ^ « be fufpeuded from the hook j; and let 
the bubble R be taken away from the other fcale^ and a 
weight fufpended in the room thereof. Suppofe the weight 
to be fufficieat to keep the parts belonging to the other fcale 
in equilibrium ; and that the siiddle point of the wire/ n is 
at the furface of the water in the vefTel N. And, Note^ the 
wire ^ ff is to be of fuch a iiz^, that the length of one inch 
ihall weigh four grains. 

It is evident, that as brafs is eight times heavier than water, 
for every inch the wire iinks in the water, it will become an 
eighth part lighter, which is half a grain ; and heavier in 
the fame proportion, for every inch it rifes out of the water : 
thus, by finking it two inches below the middle point, or 
railing it as much above it, the wire will become one grain 
lighter or heavier. Therefore, when the middle point of 
the wire is at the furface of the water, if the balance be in 
equilibrium, and the index T iet to the middle point a of 
the graduated wire r j, and the diflance on each fide a r and 
a s contain an hundred equal parts ; then, if, in weighing 
bodies, the weight is required to the hundredth part of a 
grain, it may be eafily found by the following method : let 
the body to be weighed be placed in the fcale </, put the weight 
X in the fcale r, and let this be fo adjufled, as one grain more 
ihall be too much, and one grain lefs too little. Then, by 
moving the balance gently up or down by the fcrew P, till 
the equilibrium be exa^Iy fhown at O ; if the index T be 
at the nnddle point a of the wire r /, it fhows that the weight 
put in the fcale c is jufl equal to the weight of the body. 

The foregoing method difcovers the abfclute weight of the 
body ; but to find the reladve or fpecific weight, it mufl be 
weighed hydroibtically in water, as follows :— Inilead of put- 
ting the body to be weighed into the fcale d as before, let it 
hang by a borfe-hair, as the weight R, fnppofipg the veiTel 

212 of 
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of water O were renv>ved. Then the equilibriuin being 
made, the index T {landing bdwecn a and r (hows Wie 
wdght of the body. As it hangs thu% let it be immeife4 in 
the water of the veflel O, when it will become much lighter, 
the fcale t dcfcending till the beam of the balance reft on the 
fupport X. Then, if loo grains put in the fcale ^ will exa^Iy 
reftore the equilibrium, {o that the index T ftands at the 
36thdivinon altovea, it is evident that the weight of an equal 
bulk of water would be exactly lOO grains. 

In the fame manner ^his balance may be applied to find 
the fpecific gravities of fluids. 



The Hydromeier. 

The hydrometer difcovers the fpecific gravity of fluids 
only; for which purpofe it is the moft accurate, eafy, anct 
expeditious inftrument of any. 

This inftrument confifts of a copper ball D (fig. 2), to which 
is foldered a brafs wire A B, a quarter of an inch in dia* 
meter. The upper part of this wire is filed flat, and nrarked 
Pfoef BXm (fi^. 3), becauie it finks exa6lly to that mark in 
proof fpirits. There are two other marks at A and B (fig, a), 
to ihow whether the liquor be one tenth above or below 
proof, according as the. hydrometer finks to A or rifes to B, 
when a brafs weight, C or K, is fcrewed to its bottom r. 
There arc alfo other weights to fcrew on, which fliow the 
fpecific gravity of feveral different fluids as low as comtnon 
*water. 

Tlic round part of the wire above the ball fhouU be 
marked fo as to reprefent river wat^r, when it finks to R W 
0^S' 3)» ^« weight which anfwers to that water being then , 
fcrewed on. When it is put into fpring water, mineral water, 
ffa water, and water of fait fpringt^ it will rife to the marks 
S P, M I, S £, and S A, rcfpeAively. On the contrary, whcm 
k is put into Bf iftol water, raio water, port wine, and moon- 

tiia 
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tain wine, it will refpe^tively (ink to the marks b r, r a^po^ 
and m 0. Inflriiments of this kind are fometimes called 
Areometers. — And, JVo/r, that the globe D (fig. 2) (hould 
be made of copper ; for ivory imbibes fpirituous liquqfs, and 
confequently ahers their gravity ; and glafs globes rcquirfe 
too much attention. 

This hydrometer' was the invention of Mr. Clarke, and 
anfwers very well to difcover the fpccific gravity of fpirituoiTj 
Jiqnors, and to fhow whether any fpirit be above or below 
proof, and how much. 

But the mod perfe<^ liydrometer is that reprefent^d ia 
figure 4, which may be made to fhow the fpecific gravity of 
fluids to the greateft degree of exa(5lnefs. It confilh of a large 
hollow ball B, with a fmaller ball ^, fcrewed to its bottom, 
and partly filled with mercury or fmall (hot, in order to 
render it but little fpccifically lighter than water. In the 
larger ball at C, there is a (hort nick, into which is fcrewed 
the graduated brafs wire A C, which has a fmall weight A 
at the top, to caufe the inflrument to defcend in the fluid. 

When this indrument is immerfed hi any fluid contained 
in a jar L M, the quantity of the fluid difplac^ by it wilt 
be equal in bulk to that part of the inflrument which is 
under water, and equal in weight to the whole indrumcnt. 
Therefore, if the weight of the whole inftrument be 4000 
grains, we can by thefe means compare the different dimen- 
lions of 4000 grains weight of feveral forts of fluids ; for if 
the weight A be fufficient to fink the inftrument in rain 
water, till the middle point of the (lem, marked 20, come to 
the furface of the water ; and after that, if it be immerfed in 
common fpring water, and the fur&ce of the water ihnd at 
one tenth of an inch below tlie middle point 20, it is evident 
that the fame weight of each water differs only in bulk by 
the nfU^nitude of one tenth of an inch in the (tern of the . 
inflrument* 

iThen, fuppofe the ftem of the inflmroent to be tea 
kcbes in length, and to wdgh juft loo graxns ; every tenth 
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The fame experiment was afterwards made by Sir J(aac 
Newton, and others, with globes, made of gold aixi other 
metals ; all which experiments were attended with the fame 
phenomenon, and have tended to tfia'D'Jln the above theory. 

As a great many of the phenomena in hydroftatics depend 
upon gravity, it may be neceflary to mention the laws of 
gravity, concerning bodies it^imcrfed in fluids. 

Gravity, in hydroftatics, as well as in the other arts, is 
divided into abfolute and fpecihc gravity. 

Abfolute gravity is that force with which the body tends 
downwards; and is always in proportion to the quantity of 
matter in the body. 

Specific gravity is the relative, comparative, or apparent 
weight of any body compared with that of another body, of 
the fame bulk or magnitude; and therefore (ignifies, thai 
gravity or weight which is peculiar to each kind of body. 

A body is faid to be fp>eci6cally heavier than another body, 
when it contains a greater weight than the other, under 
the fame bulk or dimenfions ; and thus reciprocally that 
body, which contains a lefs weight than another under the 
fame bulk, is faid to be fpeci6cally lighter than the other body. 
Thus, if there be two equal fpheres, fuppofe one foot in 
diameter each ; the one of lead, and the other of wood : as 
the leaden one is found to be heavier than the wooden one of 
the fame fize, it is faid to be fpecifically heavier, that is, 
heavier in fpecies, or in kind ; and the wooden one is fpecifi- 
cally lighter. 

Specific gravity is by fome called relative gravity, to difi 
tinguifli it from abfolute gravity. 

The Lam (^ the J^ectfic Gravities of Bodies. 

1. Two bodies of equal bulk have their fi)ecific gravities 
to each other, as their abfolute weights or den fi ties. 

2. Two hoJies of the fame fpecific gravity or denfity, have 
their abfolute weights in proportion to their magnitudes or 
bulks. 

5. The 
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3. The fpecific gravities in bodies of the fame abfolute 
weight are reciprocally as their bulks. 

4. The fpecific gravities of all bodies are in a ratio com* 
pounded of the direct ratio of their wdghts, and the red* 
procal ratio of their magnitudes. 

5. The abfolute gravities, or weights of bodies, are in the 
compound ratio of their fpecific gravities, and magnitudes or 
bulks. 

6. The magnitudes of bodies are direftly as their weights, 
and reciprocally as tlieir ipecific gravities. 

7. When a body is immerfed in a fluid that is fpecificalij 
lighter than the body, thcf body lofes as much of its weight 
as is equal to the weight of a quantity of the fluid of the 
fame bul'c or magnitude. 

Therefore, the fpecific gravities of two bodies are as the 
abfolute gravities, under the fame bulk. The fpecific gravity 
of the fluid will be to that of the body immerfed in it, as the 
part of the weight loft by the folid is to the wliole weight. 
And the fpecific gravities of two fluids are as the weighti 
loft by the fame folid immerfed in them. 

8. The fpecific gravity of ariv fluid or folid body is found 
as follows : — Sufpend a globe of lead by a fine thread from 
one arm of a balance, and to the other arm faften an equal 
weight. Immerfe the globe of lead into the fluid, and ob- 
ferve what weight it will require then to balance it, and con« 
fequently what weight it has loft, which is proportional to 
the fpecific gravity of the fluid, compared with the whole 
weiirht of the folid. Thus the proportion of the fpecific 
gravity of one fluid to another, is detefmined, by immerfing 
the globe fucceffively in all the fluids, and obferving the 
weight the globe has loft each time, which will be the pro* 
portions of the fpecific gravities of the fluids. 

This operation alfo gives the fpecific gravity of the folid 
immerfed, whether it be a globe, or of any other fliape, if 
the gravity of the fluid be known. For the fpecific gravity 
of the fluid is to that of the folid, as the 'weight loft is to 
the whole weight • 9. Tb 
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9. Tbe fpedfic gravity of a folid that is lighter than the 
fluid in which it is immcrfed, is found by the foUowing pro> 
oefs. To the lighter body, whofe fpedfic gravity is requirtd, 
annex another body, that is much heavier than the fluid, (b 
that the compound mafs may fink in the fluid. Weigh the 
heavier body, and the compound mafs, fepntely, borh in 
water and out of it ; then find how much each lofes in wa- 
ter, by fubtra^^ing its weight in water from its weight iu air ; 
amd fubtra6t the lefs of thefe remainders from the greater; 
then fay, as this laft remainder is to the weight of the ligoter 
body iu air, fo is tlie fpecific gravity of the fluid to the fpe- 
cific gravity of that body. 

10. The fpecific gravities of bodies of equal wdghts are 
reciprocally proportional to the quantities of weight Joil in 
the fame fluid. Hence is found the ratio of the fpedfic gra- 
vities of folids, by wdghing in the fame fluid, mafTes of 
them that weigh equally in air, and noting the sveight lofl hj 
each. 

11. A body defcends in a fluid that b fpedficalfy 
lighter, but afcends in a fluid that is fpecifically heavier, 
with a force equal to the difference between its weight and 
the weight of an equal bulk of the fluid. 

I a. A body finks in a fluid th^t is fpedfically heavier, fo 
&r, as that the weight of the body is equal to the wdght of 
• quantity of the fluid of the fame bulk as the part of the 
body which is immerfed ii. the fluid. Therefore, as the 
fpecific gravity of the fluid is to that of the body, fo b the 
whole magnitude of the body to the magnitude of the part 
immerfed. By this theorem b found the abfolute wdgbt of 
any body immerfed in a fluid: for the weight of that 
quantity of the fluid which is difplaced by the folid body is 
always equal to the whole wdght of the folid ; thus, if a 
boat on the water be fo loaded, that it difplace three cubical 
feet of water, its whole wdght will be 3000 otinces or iSfi 
pounds, that bdng the wdght of three cubical fleet of water. 

15. In equal folids the fpecific gravities are as thdr parts 
immerfed in the fame fluid. The 
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The fbregobg theorems have been fufiiciently demonftrated 
by various authors, from the principles of mechanics : ihitf 
are alfo exactly conformable to experience; as hath been 
fuffidently proved from feveral courfes of philofoplucat 
experiments. 

Various tables have been given, by different authors, of the 
fpecific gravities of many kinds of bodies. It will be fuffi« 
dent in this place to give the fpecific gravities of fomo 
of the mod ufeful bodies that have been determined with 
greater certainty and accuracy. The numbers in this table 
exprefs the number of avoirdupois ounces contained in m 
cubical foot of each body ; that of common water being juft 
looo ounces, or 62^ pounds. ^ 

Table ofjpecific Gravities. 
I. Solids. 



Platina, pure • . 


23000 


Crude antimony 


• 4000 


Fine gold • . • 


19640 


Diamond 


• 35^7 


Standard gold 


18B88 


Granite 


• 3530 


Lead 


1x325 


White lead • 


• 3160 


Fint (liver 


1 109 1 


Ifland cryflal 


2720- 


Standard iilver 


I0S3S 


Marble 


2 70s' 


Copper 


9000 


Pebble-done 


i ._• 270©^ 


Copper halfpence • 


8915 


Rock crydal 


2650- 


Gun-metal 


8784 


Peari . 


• 2630 


Fine brafi 


8350 


Green glafe 


• 260^ 


Cafb brafs 


8000 


Flint 


2570 


Steel • • • 


7850 


Onvx done 

* 


• 2510 


Iron . • • • 


764s 


Conmnon-done 


2500 


Pewter 


7471 


Crydal 


2210 


Cad iron 


74*5 


Clay 


2160- 


Tin • 


7320 


Oyder-diells 


2092 


Lapis calaminaris • 


5000 


Brick 


2000 


Loadftone 


4930 


Common earth 


1984 


Mean fpecific gravity 


of 


Nitre 


• 1900 


the whole earth • 


4500 


Vitriol 


1880 
Alabadcr 
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Alabafter * • 


1874 


Brasil wood 


• 


1031 


Horn • • • 


1840 


Box wood 


• 


1030 


Ivory • 


i8a; 


Bees wax 


• 


95; 


Sulphur 


x8io 


Butter 


• 


940 


Chalk 


1793 


Oak 


» 


925 


Solid gunpowder • 


'745 


Gunpowder, fliaken 


922 


Alum 


1714 


Logwood • 


• 


9'3 


Dry bone • • 


1660 


Ice 


• 


908 


Sand 


i(;20 


Aih 


• 


800 


Lignum vitx 


1327 


Maple 


• 


755 


Coal 


1250 


Beech 


• 


700 


Jet 


1238 


£liii 


• 


600 


Ebony • • 


1177 


Fir 


• 


550 


Pitch 


1150 


Saflafras wood 


• 


48X 


Rolin 


IIOO 


Cork 


• 


240 


Mahogany • • 


X063 


New-fallen fnow 


• 


86 


Amber • 


1040 




• 




• 


2. Fluids. 






Quickfiiv^r 


136C0 


Ale . . 


• 


102S 


Oil of vitriol • . 


1700 


Vinegar 


• 


1026 


Oil of tartar 


1550 


Tar 


• 


101$ 


Honey 


1450 


Common water 


• 


1000 


Spirit of nitre 


>3'5 


Diftiiled water 


• 


993 


Aqua fortis 


IjOO 


Rtxi wine. . 


• 


990 


Treacle 


1290 


Proof fpirits 


• 


931 


Aqua regia 


ia34 


Olive oil 


• 


9»3 


Human blood 


io$4 


Pure fpirits of wine . 


866 


Urine • • • 


1032 


Oil of turpentine 


• 


800 


Cows milk 


1031 


i£tlier 


• 


726 


Sea water 


1030 


Common air 1.2; 


5a, or, i.j7^. 



As thefe numbers are the weights of a cubic foot, or 
1728 cubic inches of each of the foregoing bodies in avoir- 
dupois ounces, the quantity, in any other weight, or the 
weight of any other quantity, may be found by proportion. 

For 
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For example, required tbe\ontent of an irregular block of 
common ftonc, weighing one hundred weight, or iyg% 
ounces : her^ as 2500, the ounces in !a cubic foot of com* 
mon {lone, is to 1 79a, fo b x 728, the inches in a cubical 
foot, to 1238^ cubical inches, the contents. ^ 

Ag^n, what is the weight of a block of granite, the lengtb 
wher^f is 63 feet, and the breadth and thicknefs each 12 
feet, being the dimenfions of one of the (lones of granite in 
the walls of Balbeck ? Here the folid content of this ftone is 
9072 feet; therefore, as i is to 9072, (b is 3500 ounces to 
31,752,000 ounces, or 885 tons 18 cwt. 3 qrs. the weight 
of the ftone. 



SECT. II. 

TUB CONSTRUCTION AND US£ OF THE HYDROSTATIC 
BALANCE^ HYDROMETER, AND HYDRO- 
STATIC BELLOWS. 



The Hydrq/latic Balance. 

Thb hydrbfladc balance is the moft convenient inflrument 
of any hitherto invented, for difcovering the fpedfic gravity 
of all fubftancea, whether fluid or folid. It is conftrufted 
in various forms ; but that wliich is moil generally retained 
is the following t 

V C G (fi^. I, flaie 23) is the frand or pillar of the inftru- 
ment, which is to be fixed in a table. From, the top A, by 
two filken firings, hangs the horizont^ bar B B, from which 

Ydu II. z J is 
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the pcher fcale, hangs, by means of a horfe-liair, a large 
glafs bubble R. 

To apply this inffarument to ufe, let the weight L be taken 
away, and a wire/> « be fufpeuded from the hook j; and let 
the bubble R be taken away from the other fcale^ and a 
weight fufpended iu the room thereof. Suppofe the weight 
to be fufficieat to keep the parts belonging to the other fcale 
in equilibrium ; and that the ouddle point of the wire/ n is 
at the furface of the water in the velTei N. And, Note^ the 
wire ^ /I is to be of fuch a fizp, that tlie length of one inch 
(hall weigh four grains. 

It is evident, that as brafs is eight times heavier than water, 
for every inch the wire iinks in the water, it will become an 
eighth part lighter, which is half a grain ; and heavier in 
the fame proportion, for every inch it rifes out of the water : 
thus, by finking it two inches below the middle point, or 
raifing it as much above it, the wire will become one grain 
lighter or heavier. Therefore, when the middle point of 
the wire is at the furface of the water, if the balance be in 
equilibrium, and the index T iet to the middle point a pf 
the graduated .wire r j, and the diflance on each fide a r and 
a $ contain, an hundred equal parts ; then, if, in weighing 
bodies, the weight is required to the hundredth part of a 
grain, it may be eafily found by the following method : let 
the body to be weighed be placed in the fcale d^ put the weight 
A* in the fcale ^, and let this be fo adjufled, as one gnun more 
fball be too much, and one grain lefs too little. Then, by 
moving the balance gently up or down by the fcrew P, till 
the equilibrium be exactly fhown at O ; if the index T be 
4t the nnddle point a of the wire r j, it fhows that the weight 
put in the fcale e is jufl equal to the weight of the body. 

The foregoing method difcovers the abfolute weight of the 
body ; but to find the relative or fpecific weight, it mufl be 
weighed hydrofbtically in water, as follows :-— loilead of put- 
ting the body to be weighed into the fcale d at before, let it 
bang by a borfe-hair, as the weight R, fuppofiog the veflel 

2 a a of 
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of water O were reinoved. Theif the equilibrium bemg 
made, the index T (landing bchvcen a and r (hows \b€ 
weight of the body. As it hangs thu% let it be immerfed ia 
the water of the veflel 0» when it will become much lighter, 
the fcale e dcfcending till the beam of the balance nrft on the 
fupport X. Then, if- 100 grains put in the fcale ^ will exa^ly 
reftore the equilibrium, fo that the index T ftands at the 
36thdivirion alK>vetf, it is evident that the weight of an equal 
bulk of water would be exactly 100 grains. 

In the fame manner ^his lialance may be applied to find 
the fpecific gravities of fluids. 

The Hydromeler. 

The hydrometer difcov'ers the fpecific gravity of fluids 
only; for which purpofe it is the moft accurate, eafy, aD4 
expeditious inflrument of any. 

This infhument confifh of a copper ball D (fig. 2), to which 
is fofdered a brafs wire A B, a quarter of an inch in dia* 
meter. The upper part of this wire is filed flat, and oMrked 
Pfoef at m (fi^. 3), t)ecauie It finks exactly to that mark in 
proof fpirits. There are t\vo other marks at A and B (fig. a), 
to ihow whether the liquor be one tenth above or below 
proof, according as the. hydrometer finks to A or rifles to B, 
when a brafs weight, C or K, is fcrewed to its bottom r. 
There are alfo other weights to fcrew on, whidi (bow the 
fpecific gravity of feveral different fluids as low as commoa 
*water. 

The round part of the wire above the ball fhould be 
marked fo as to reprefent river wat*r, when it finks to R W 
(fig* 3), the weight which anfwers to that water bebg then , 
fcrewed on. When it is put into fpring water, mineral water, 
fea water, and water of fait fpringt^ it will rife to the mariu 
S P, M I, S £, and S A, rcfpeaively. On the contrary, wbem 
k is put into Briftol water, raio water, port wine, and nxmn- 

tua 
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tain wine, it will refpc6tively (ink to the marks b r, r a^po^ 
and m 0, Inflruments of this kind are fometimes called 
Areometers. — And, ^ote^ that the globe D (fig, 2) (hould 
be made of copper ; for ivury imbibes fpirituous liquctrs, and 
confequently ahers their gravity ; and glafs globes requirfc 
too much attention. 

This hydrometer' was the invention of Mr. Clarke, and 
anfwers very well to difcover the fpccific gravity of fpirituoiij 
liqnors, and to ihow whether any fpirit be above or below 
proof, and how much. 

But the moft pcrfecl hydrometer is that reprefented ia 
figure 4, which may be made to (how the fpeciiic gravity of 
fluids to the greateft degree of exa^lnefs. It confilh of a lai^ 
hollow ball B, with a fnialler bnll ^, fcrewed to its bottom, 
and partly filled with mercury or fmall (hot, in order to 
render it bnt little fpecifically lighter than water. In the 
larger ball at C, there is a (hort nick, into which is fcrewed 
the graduated brafs wire A C, which has a fmall weight A 
at the top, to caufe the inflrument to defcend in the fluid. 

When this inftniment is immerfed in any iiuid contained 
iQ a jar L M, the quantity of the 6uid difplacM by it will 
be equal in bulk to that part of the inflrument which is 
under water, and equal in weight to the whole indromcnt. 
Therefore, if the weight of the whole inftrument be 4000 
grains, we can by thefe means compare the different dimen- 
fions of 4000 grains weight of feveral forts of fluids ; for if 
the weight A be fuflicient to fink the Inflrument in rain 
water, till the middle point of the ilem, marked 20, come to 
the furfsice of the water ; and after that, if it be immerfed in 
(Common fpring water, and the furface of tlie water fhmd at 
one tenth of an inch below ihc middle point 20, it Is evident 
that the fame weight of each water differs only in bulk by 
the magnitude of one tenth of an inch in the fiem of the . 
inflrument. 

I'hen, fui^fe the ftem of the inflrument to be tea 
ioches in lengthy and to weigh juft loo gnios ; ercry ttoth 

of 



358 OF HYDROSTATICS. 

of an inch will weigh juft one grain ; and as the ftem is of 
brafs, which is about eight times heavier than water, the 
fame bulk of water will be equal to one eighth of a gnun, 
. and confequently to one eighth of one four-thouiandth part, 
that is, to one thirty-two-thoufandth part of the whole bulk. 
This inflrument (hould, have two (lems, either of which 
may be fcrewed on, .in a fmail hole a. One of thefe ileros 
ibould be a fmooth, thin, flat flip of brafs or rather of 
ileel, having on one fide the feveral marks or divifions, to 
which it will fink in different forts of water ; as, rain water, 
river water, fpring water, fea water, &c. and on the other 
fide, the divifions to which it finks in various lighter fluids, 
as hot Batli water, Briflol water, Lii^comb water, Cheltenham 
water, port wine, mountain, madeira, &c. But in this cafe the 
weight A mufl be a little lefs tlian what is ufed for heavier 
waters. The other flem fhould be cyDndrical, to render it 
(bx)nger and more fleady, in order to try the fbvngth of fpi* 
rituous liquors ; and (hould be fo contrived, that when the 
inflrument is immerfcd, in what is called proof fpirit, the 
furfiure of the fpirit may be upon the middle point, marked 
20. This is performed by adjufling the fnull weight A, 
and making the flem of fuch a length, that when the inflru- 
ment is immerfed in water, the furfiace of the water may 
juil cover the ball B, and rife to a; and when immerfed in 
pure fpirit, it may rife to the top A. Then, by dividing the 
upper part of. the flem A 20, and the lower part a 20, into 
ten equal parts each, .when the inflrument is immerfed in 
Ipirituous liquor, it will immediately fhow how much it is 
above or below proof, by the furface of the fpirit rifing in 
proportion above or below the middle point 20, which marks 
proof fpirits, or that fpirit which confifls of half water and 
lialf pure fpirit. 

This is the mofl certain, and at the fame time the mofl 
cafy method of difcovering the flrength of fpirituous liquors ; 
for it infallibly fhows the difference of the bulks, and con* 
fequent'y, the Specific gravities in equal wdghts of fpirits^ 

and 
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and that even to the thirty, forty, or fifty-thoufandth part : 
and b infinitely Aiperior to the common method ufed by' 
excife officers and others, of ihaking the fpirits !n a plual, 
and forming a judgment of the fbrength by the breaking of 
the bubbles. 

Of the Syphon. 

The fyphon is a bent tube ufed to decant fluids from any 
flanding veflel ; and ferves to perform fome curious experi- 
ments. It depends upon the preflure of the air; and may 
be made in various forms. 

If a fmall fyphon, whofe legs are of equal length, be filled 
with water, and the ends turned downward, the water will 
remain fufpended in the fyphon, as long as it is held exa^ly 
level ; but when it is the leafl inclined to either leg, whereby 
in^cfFeta one leg is made ihorter than the other, the water 
will run out by the longer leg; for the air being a fluid, 
whofe denfity near the furbce of the earth is to that of 
water as i to 850 ; and according to the nature of all fluid 
bodies preffing the furface of all things expofed to it every 
way equally, it muft neceflarily follow, that the weight of 
the atmofpbere above, being kept off by the machine, and 
the air below bearing againft and repreffing the water, which 
endeavours to fall out of either leg with equal force, keeps 
it in fufpenfe, and prevents its falling. But if the fyphon 
be the leaft inclined to either leg, one of the legs is in effe& 
Shortened, and the other prolonged ; by which advantage is 
given to the weightier fluid in the longer leg to preponderate, 
or overweigb the other part of the fluid in the other leg ; 
and the water will all defcend by the longer leg. 

The leafl inclination of the fyphon to either end will be 
fuffident to produce this effect, which may be proved by 
experiment, thus :— -Hang a fmall fyphon, whofe legs are 
of equal length, upon the edge of a jar filled with water ; 
then from the doping of the jar, the external leg of the 

fyphon 
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fyphon will fomewhat incline^ and the fvphoa will fooa 
begin to a£^, and the water will dcfceiid from the jsr^ 
through it. But in pra6lice, one leg of the fyphon is ufually 
made longer than tlic other leg; and ilie /liorter leg is put 
into the liquor, when the fluid will be decanted by the 
longer leg. 

If the two Icg^ of the fyphon (fi^^, 5) were of equat 
length, terminating in the plane A li, and the fyphon held 
cxadly level, and then filled with liquor, no motion of the 
fluid would follow, till an advantage in point of gravity be 
given to one dde, by inclining it. But inflead of which 
inclination, one of the legs is lengthened in general, perhaps 
a few inches, as from B to C ; and which, previous to the 
operation, is generally filled, as well as the refl of the fy- 
phon, with fome fluid, many degrees heavier than air : by 
the gravity of which, the oppofite fide becomes greatly over- 
balanced, and the liquor in this machine is decanted very 
rapidly. 

The fyphon is fometimes difguifed in a cup, when no 
liquor will flow through it, till the fluid be raifed therein to 
a certain height; and when it has once begun to flow, it 
will continue till the veflel be emptied ; this is cal/ed a fy- 
phon difguifed. Thus, D D (fig. b) is a cup, in the centre 
whereof is fixed a glafs pipe or fyphon C B, continued 
through the bottom at B ; over this pipe is put a glafs tube, 
made air-tight at top, by the cork C, but left fo open at the 
bottom, by holes made about D D, that the water may freely 
rife between the two tubes, as the ci^ is filled. When any 
^uid is poured into this cup, no motion will take place 
through the fyphon, till the fluid in the cup fliall have 
gMned the top of the innermoU pipe at C ; but when the 
fluid is arrived to this height, it will begin to flow through 
the fyphon, which runs through the bottom of the cup, and 
will continue to rife up the iufide of the puttr tube, and 
dcfcend through the inner tube, till the whole fluid in the 
cup be run oflr ; which is owing to the fluid, at its firft rifing 

through 
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through the tubes, expelliog all the air from them, while 
the weight of the atmofphere piefles oa the furface of the 
fluid \n the cup. 

This is fometimes called Tantalus's cup, and has a hollow 
figure, reprefeuting Tantalus, pUced over the inner tube, of 
fuch a length, that when the fluid is got nearly up to the 
mouth of the figure, the fyphon begins to ad, and empty 
the cup. 

This is the fame in efie6t as if the two legs of the fyphon 
were both in the veflei (fig. 7), when the water poured into 
the vefl^l will rife in the ftiorter leg of the fyphon, to its own 
level ; but when it has gained the bend of the fyphon, it will 
begin to run off* by the longer leg, and continue running till 
the veflei be emptied as low as the extremity of the fliorter 
leg of the fyphon. 

The Hydroftaiicat Paradox, 

Any qumalty tf fiuidy htiwever fmally may he wuide U cwnter^ 
foife^ amdfuftaiu any weighty kom Urgefievtr.^^This is called 
the bydfoflatiail paradox, and depends updn the equal pref< 
fure of the parts of fluids every where at the fame depth. 

Let AB D 6 (/^. 8) reprefent a cylindrical veflei, to the 
infide of which is fitted a cover, whicli, by means of leather 
found the edge, will eafily Aide up and down in the veflei, 
without permitting any water to pafs between its edge and 
the furfiice of the vefleL In the cover b fixed a fmall tube 
£ F open at the top, and extending through the cover at the 
bottom. Then, the veflei bdng filled with water, and the 
cover put on, and loaded with a weight, fuppofe of a pounds 
it will be deprefled, and the water will rife in the tube to E, 
and the weight will be fufhuned. If another pound be laid 
>n the cover, the water wilt rife to F, and the weight alfb 
.e fufiained ; and thus the water will rife higher in the tube 
in proportion to the weight that is laid on the cover. And 
though the weight of the water in the nibe bt but a few 

▼OL. II. 3 A ' gi^ins, 
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And if be put his fiogcr on the top of the plpe» be can fup- 
port bimfelf up as long as be pleafet, prorided the bellows 
be air-tigbt. 

This property of the upward prefTure of fluids fumiihes 

us with tiie means of renderif g any body, how heavy foever, 

buoyant iu water; and upon this principle, a piece of lead 

may be made to fwim in the water, by immerfiDg it to a 

proper depth, and preventing the water from getting above 

it. Thus, let C D (fig. 1 1) be a glafs tube open at each 

end, and E G a flat piece of lead, placed under the lower 

end of the tube, having a ^iece lof wet leather between it 

and tlie tube, to make it keep cioie to the tube. Let the 

piece of lead be about half an inch thick, and in breadth 

equal to the diameter of the tube; let it be held dofe to die 

tube, by pulling the packthread H L upw^irds at L; and let 

the tube be immerfed in water, in the glafs veflel A B, to 

(lie depth of fix inches below the furfsice of the water at K^ 

then the leaden bottom E G will be plunged to the dq)th of 

upwards of eleven times its own thicknefs ; at which depth 

/ettiiig loofc the thread at L, the lead will not fall bom the 

tube, bat be forced upwards againft the tube, by the up* 

ward prefllire of tiie water below it, occafioned by the height 

of the v\ ater at K, above the level ot the lead ; for as lead 

is 1 1.33 times as heavy as its bulk of water, and is in this 

experiment immerfed to above 1 1.33 times its thickocfii in 

a depth of water, and no watei getting iuto the tube between 

it and the lead, the column of waiter £ a b c G below the lead 

is prefled upwards againfl the lead,' by the water |C D E G I 

all around the tube; which water being a little more than 

11.33 times as high as the lead is thick, it is fufficient to 

balance and fupport the lead, at the depth K £« If tbort 

be a little water (>oured into the tube, upon the lead, it will 

increMe the weight upon the column of water which is under 

the lead, and caufe the lead to fall from the tube to the 

bottom of the glafs veflel, as at ^ 3. But if the tube be 

riifed a lirtle in the water, the lead will fidl by its own 

weight, 
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weighty which' ^lU then be too great ibr the preflbre of the 
water round the tube upon the column of water ^below it. 

Again, a piece of wood^ however light, may be made to 
lie at the bottom of the water, by not fuffering any water 
to get under it. Thus, having two pieces of wood, planed 
quite flat and fmooth, fo that no water may get between 
them, when they are put together ; and cementing one or 
the pieces, as « ^, to the bottom of the veflel A B, place 
the other piece upon it, and let it be held down by a ftick, 
wliile the water is poured into the vefTd ; then, upon remov- 
ing the flick, the upper piece of wood will not rife from the 
low^ one, being preflfed down both by its own weight, and 
the weight of all the water above it, while tlie contrary pref- 
fure of the water upwards is kept off by the wood pbiced 
beneath it; but if the top piece of wood be raifed ever i6 
Jittk at any part of its edge, fome water will get under it, 
which will be forced by all the weight of the water above, 
and wiU immediately prefs it upwards; and being lighter 
than its .own bulk of water, it will float upon the fur£u:e of 
the water. 

To prove that all fluids weigh juft as much in their own 
elements as they do in open air, put as much ihot in a phial 
as, when corked, will make it fink in water; then let it be 
weighed, both in the air and in the water, and the weight in 
each cafe wrote down ; then, as the phial hangs fufpended 
in water,' and counterpoifed by another weight, pull out the 
cork, that the water may run into it, when it will defcend 
and puU down that end of the beam. Next, put as much 
weight into the oppofite fcale as will reilorethe equilibrium; 
which additional weight will be found to anfwer exactly to 
the additional weiglu of the phial, when it is again weighed 
in the air with the water in ik 

The velocity with which water fpouts out of a hole, or 
through a tube in the fide or bottom of a veilel, is as the 
fquare root of the depth or diftance of the hole below the 
furiace of the water. Therefore, in order to make double 

the 
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the quantity of Mter run through one ho)e« u through 
another of the (ame fite, it will require four times (he prtA 
fure of water m the other hole hatti ; and eonfequentlyt it 
muft be four times the depth of the other btkm the furfate 
of the water; and for the fame reafon, three times the 
quantity of a fluid running in the iame cinne through a hole 
of the (aoie fi2e» niuft run with three times the velodty ; and 
confequently muft be nine tinnes at deep below the hxhct 
of the fluid. Thus, let C and ^ (fig. la) be two pipes of 
equal diameters, fixed- in the iide of tlie veflel A B, the pipe 
£ being four times as deep below the fur&ce 6( the water stt 
If as the pipe C is : while the water runs through thefe 
pipes, let more water be conftantly pour^ into the veflH, 
to keep the furface ftill at the fame hdght. Then, iii the 
fame time that a pint of water flows through the pipe C, 
through the pipe/ wiU flow one quart. 

The horizontal diftance to which a fluid will fpout from 
an horizontal pipc^ fixed in any part of the fide of an upright 
▼eflel, below the furface of the fluid, is equal to twice the 
length of a perpendicular to the fide of the veflc!, drawn 
from the mouth of the pipe to a feniicircle, defcribed upon 
the altitude of the fluid ; and therefore the fluid will fpout 
to the greatcft diftance poiBbte from a pipe at the centre of 
the femicircle; becaufe a perpendicular zo its diameter 
(which is fuppofed parallel to tlie fide of ttie veflel) drawn 
from that point, is the longeft that can poflibiy be drawn 
from any part of the diameter to the circumference of the 
feniicircle. Thus, if tl>e veflel A B be fufl- of water, the 
horizontal pipe D, in the middle of its fide, and the femi- 
circle N ^ r ^ be defcribed upon D, as the centre with the 
radius D //. The perpendicular D ^, to the diameter N i^, 
is the longeft that can be drawn from any part of the dia* 
meter to the circumference. And if the yeflfcl be kept full, 
the jet C will fpout from the pipe D, to the horizoittal dif- 
tance N M, which is double the length of the perpendicular 
D ^ If two other pipes, C and E| he aifb fixed hi the fide 

of 
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^ the veflfl, at equal diftaoces above and bdow the pipe D, 
the pcrpeodicttbir C c and £ <» from tbefe pipes to the fentf* 
drde will he tqual* aod the jets F and H, which fpout tarn 
xhoaif will each go to the iame horiaootal difiance N K ; 
which it double the kngth of either the equal peqieodicahrf 
Cr and £#« 
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CHAP. XIX^ 



HYDRAULICS. 



SECT. I. 



OF FUMP-WORK. 



llToaAULics is that- part of the do£bine of fluids which 
treats of the properfies of fluids in motioo, with a Special 
attention to artifidal water-works: and in this (enfeitflaods 
opjpofed to hydrofiaticsi which concern fluids^ as they repnain 
at reft. 

The laws of fluid bodies, as given in the laft chapter, 
obtain alfo in thisi' and therefore need not be repeated. 

4 The 
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Of the pump, there are (imply three kinds, viz. the 

• 

fucking, the forcing, and the lifting pump. By the for- 
mer, the water is raifcd by the general preflure of the at- 
mofphere.on the furfiace of the water in the well, and can- 
not be raifed to a greater height than 33 feet, as before 
obferved ; though, in pra<5lice, it is ft-ldom raifed above 28 
itet, becaufe the air is not always denfe enough to fupport a 
column of water of 33 feet, . By the two latter, water nrwy 
be raifed to any height, having an adequate apparatus, and 
fufficient power. 

# 

m 

Of the Sucking Pump. 

r 

The fucking pump is that in mofi common ufe, snd con-, ^ 
fills of a tube or pipe, open at each end,* having within a 
Hiding pifton, as large as the bore of the pipe, and which 
fits the pipe fo exa6tly, as to admit no air to pafs between it 
and the pipe. The pipe is called the barreU 

.If the lower end of the barrel B be immerfed in water 
(fig. I, plate 24), and the piflon D be raifed, a vacuum will 
be made in the barrel, by lifting up the column of upper air 
from A to D, and thereby permitting the air in the lower 
part of the barrel to expand itfelf ; and the atnrofphere 
preffing upon the furface of the water in the well, will 
force ii to follow the piilon, and that even to the height of 
33 feet, if the (Iroke could be of that continued length. 
But when the pifton is let down again in the barrel, the 
water will fall with it ; to -prevent which, there is a valve 
fixed in fome convenient part of the barrel, as at C, which 
valve confifts of a wooden frame A (fig. 2), exadly fitted to 
the bore of the barrel, and a leather flap B^ lined with 
lead, in order to give it fufficient weight and firength. 
This valve openuig with the upward motion of the 
water, and again clofing when the piflon is let down, 
ferves to retain the water above, which flows through it: 
V9I.. II. 3 B aa4 
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and at every rife of the pillon, a frefli quantity of water flows 
through this valve. 

Befides this fixed valve, there is a moveable one. placed in 
thepifton at D (fig. i), which alfo opens the fame way, and 
is called the bucket. 

When the bucket defccnds, if the bore of the barrel be 
full of water, the rcfiftance of the water will open the 
bucket, and part of the water will rife above it ; and when 
the pifton is drawn upwards, the bucket will again dofe 
under the incumbent weight of water, and the water will be 
raifed by the force applied. So that whenever the bucket 
rifes, and lifts up the column of both air and water, which 
pafTes through it, the fixed valve C is difcharged of its 
prcfTure ; and then a frcfli quantity of water, exa^ly equal 
to that lifted up by the bucket, will, by the ordinary prcf- 
fure of the atmefphere on the water in the well, be forced 
up through the valve C, to again fupply the barrel. . This 
alternate motion of tlie two valves may be feen to great 
advantage in the glals pumps. 

But if there be no water in the barrel, before any water 
can be drawn from the well, the air in the barrel muft b^ 
exhauftcrd, which may be done, if the pifton. valve be tight, 
by the ordinary motion: but it is common to pour feme 
water down the barrel, which is vulgarly called fetching the 
water, but which is of no other ufe than to fupple the leather 
of the valves, and render them ah'-tight. 

The firft time the pidon is raifed in the barrel, called the 
£r{l flroke of the pump, it will make a vacuum in the bamd, 
and a part of the incumbent air is lifted away, upoa which 
the air remaining in the barrel, from its natural fprin^ will 
become confiderably dilated ; when the atmofphcre preffii^ 
with a greater force on the furface of the well water, than 
the dilated air does on the water in the barrel, it will caufe 
the water in the barrel to rife therein, fo far as, together 
with the included air, fhall juft counterpoife the weight of 
the atmofphcre upon the outward furface of the water* 

A fimilar 
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A fimilar cfFeft will be produced at the repetition of the 
ilrokey till by degrees the water (liall have readied tlie 
moving valve or bucket, and then the procefs will go on as 
before defcribed. Thus, water, even by this nDaciiine, may 
be raifed to any height whatever, provided the power be 
adequate to the weight,* and the pipe iirong enough to bear 
the fluid's natural preflure. 

The proportion of the preflure of the water on the pipes 
in pump-work is according to the height of the water above ^ 
the part confldered : but the incumbent weight on the bucket 
of a pump, in action, is nearly proportional to that of a 
column of water raifed ; for though the weight of the at- 
mofphcre on the furface of the water, when the bucket rifes^ 
be really equal to the weight of 33 feet of water; yet this 
weight is exaflly counterbalanced by the weight of the 
atmofphere, ever incumbent on the iiirface of the water 
thereby raifed. Thus, all the advantige to be obtsuned by 
the hydraulic machines, is ranging matters into a convenient 
method of being performed ; the performance itfelf depend- 
ing entirely upon the moving power, with all the difadvan- 
tages of fri6lion« 

In this pump, if both the valves be placed towards the 
bottom of the pipe, the pump will work as eafy, and require 
po greater power than if they were fixed 30 feet, or 33 feet, 
above the furface of the water. 

It is generally found to be more advantageous in pni<5tice, 
to place both the valve and bucket pretty low in the 
barrel; forfliould a leak happen beneath the bucket, which 
is often the cafe, in a great length of pipe, the air getting 
through, would render the pipe ufelefs; whereas, fliould 
a leak happen above the bucket, it will occaflon only the 
lofs of fome of the water. And by placing the valves under 
water, they will always be found more fupple and pliant, 
and, confequently, be in a better condition for performing 
their oflices. 

There is another acfvantage of placing the pump-work 
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(that is, the valve and piflon) near together, and at the bot- 
tom of the barrel : which is, it will in all cafes raife the water 
from the well by the ordinary pump, when another pump 
of an equal hore, but having its bucket higher, will not be 
able to raife any water, by reafon of the (horfnefs of the 
ftroke, which cannot rarefy the air fufficiently to bring the 
water up from the lower valve to thepifton. For example: 
having a fmooth barrelled pump, 21 feet long, with its 
piflon placed above, fetching (fuppofe) a foot ftroke,and the 
fixed valve at the other end of the barrel below. Here, by 
the playing of the pifton, fuppo6ng it pofBble for the water 
to rife ) I feet (or, which is the fame thiiig, let water be 
poured down the barrel to the height of 1 1 feet above the 
lower valve), there will ftill remain nine feet of air Jbetween 
the bucket and the water, which cannot be fufficiently rare- 
£ed by the flrokes of this bucket, to open the lower valve^ 
or fetch up more water : for in this cafe, the air will be 
rarefied in the proportion of 9 to 10 only ; whereas it ought 
to be as 9 to 13^, to make only a bare equilibrium with 
the atmofphere: for as 22 (which is the complement of 11 
to 33 feet of water, the weight of the whole atmo/pbere) h 
to 33 feet, or the weight of the atmofphere, fo is 9 to 13I, 
to complete which, the flroke fhould be at lead 4} feet long. 
However, In a pump of this condru^Hon, by filling the 
whole barrel wi:h water up to the bucket, a conflant fupply 
of water may be produced. 

When the bucket is placed low, as here direfted, inflead 
of an iron rod, to which it is fixed, a piece of oak well 
for^ked will work with lefs trouble, as it is nearly of the fiunc 
fptcific g'-avity with water. 

W hen the pump cannot be phiced perpendicularly over the 
wcl!, the bottom of the barrel of the pump fhould be placed 
as low as tht f'-rface of the water in the well is, and com- 
municate w? h it by means of a pipe: thus, if water wereto 
bv raifi i troni ihe well A (fi^, 3), by means of the pump B, 
;r •: bitrei o| the pun^p B connmankating with the well by 
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means of the pipe C, and the bucket playing in the barrel 
B C, the water will rife as if the well had been perpendicular 
to the pump ; becaufe the water in the well being forced by 
the natural preiTure of the atmofphere, will repleoifli the 
barrel B, through the pipe A C. 

But when it happens that the barrel of the pump cannot 
^o down dire^ly to the well, as in the lad cafe, the water 
may be led about any other way by means of a pipe E, and 
thus be conveyed to the pump D. And by making this pipe 
of conveyance £ lefs in diameter than the barrel of the pump. 
It will foooer be exhaufted of air, by moving the pifloDi and, 
coafequentlyi the water will fooner follow. 

But it will always be found more eafy, in pra£Hce, to 
have the pipe of conveyance large, and of an equal bore 
^oughout ; bec«iufe the water will then have a velocity in 
it, and the' fridion will be lefs. This is the reafon why 
tho common pumps, made by the plumbers, do not work.fo 
cafilyas thofe which are bored out of trees; for, byn.aking 
the pipe fo much lefs than the bucket, they, as it were, wire* 
draw the water. Therefore, in pumps that have a long 
pipe of conveyance, the diameter of the fucking-pipe fliould 
be nearly equal to half the diameter of the barrel. For, if 
the barrel be four inches in diameter, and thb pipe of con- 
veyance only one inch, the water will move 16 times as hft 
through the pipe as it will through the barrel; which, con- 
fequently, requires more labour, and is attended with a 
greater wear and firifl-ion of the ma(;hine. 

It is aifo a great fault to bore a pump cooically upwards, 
becaufe the water cannot with freedom run oflF fo &(l, as a 
vacuum may be made by the moving pifton ; and the reflect 
tion of the water from the (idesy wiU always bean hindrance 
in the operation. 
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branching or forcing pipe at £• Thefe valves ihould alfo 
be air-tigbt, arul (o difpofed as to let the water freely rif<^ 
but to prevent its returning back. The forcer C is leathered 
upwards, that it may withftand the preflure of the at* 
mofpbcre from above, and that by fucking, when raifed, it 
may bring up the water, to fupply the barrel : and it i» 
mlfo leathered downwards, that, when reprefled, it may refift 
the weight of the water to be forced up. 

When the forcer C is moved upwards in the barrel, ic 
lifts up the incumbent air; and the air between that and the 
water having room to dilate itfelf, will be rarefied, and the 
water will rife from the fpring in the barrel A B, as in the 
fucking pump : and continuing the motion of the forcer, 
the water will at length rife up to the forcer, and fill the 
internal cavity of the pipes, between the two fixed valves D 
and £• And the water being prevented firom defcending 
again by the lower valve, will, by the forcer, be prefied, and 
make its way through the upper valve E. When the forcer 
rifes, this prefiure will be intermitted, and the valve at £ 
will immediately clofe under the weight of the upper water, 
and thus prevent its return, while the forcer is rifing with 
a frefii fupply. The fame is repeated at every ilroke of the 
forcer. 

Jkf . de la Hirers Pump, which raifes Water loth by the 
Afcent andDefcent of the Pi/ion in the Pump'-barrel. 

B and C are two pi|>es (fig, 6)^ having their ends in the 
well of water A A, The pipe B has a valve 6 at the top^ 
and is foldered into the pump-barrel D. The pipe C alfo 
has a valve at the top, and is foldered ioto the pipe S. The 
pipes £ and F have each of them a valve e and/* at the ends, 
and communicate with the pump-barrel D, and the hollow 
boxG. 

K is a folid plunger or forcer, exu&ly fitted to the bore 

•f 
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much water forced up the pipe N, to the fpout-hole O, by 
the defcent of the plunger, a» by its afcent ; and in each cale^ 
as much water diibhargeii kt the fpout-hole as fills that part 
of the pump-barrel through which tlie plunger moves. 

P IS a clofe air-veiTel, fixed on the top of the pipe N, 
which comprefles the air, when the water rifes up the pipe N^ 
above the fpout O : and this condenfed sdr ading on the 
water, caufes it to run off by the fpdut-hole nearly in an 
equal ftream. 

The pipe S at the top of the pipe C fliould never be above 
39 feet above the furface of the water in the well; becaufc 
if the pipe C be entirely exhaufted of air, the preiTure of the 
atmofphere on the water in th^.well, would not force the 
water up the pipe to a greater height than 3a feet, at the 
moft ; but if S be within 24 feet of the water in the welly 
the pump vnill work fo much the better. 

The pipe N may be of any fize required ; but the pump- 
barrel (hould be made in proportion to the height of the 
fpout-hofe above the furfoce of the water in the well; us 
follows: • 

For ten feet of perpendicular height of the fpout-hole O, 
above the furfiice of the water in the well, the diameter of 
the bore of the barrel (hould be 6.9 inches : for 15 feet high, 
5.6 inches : for %o feet, 4.9 inches : for 25 feet, 4.4 inches : 
for 30 feet, 4.0 inches : for 3$ feet, 3.7 inches : for 40 feet, 
3.5 inches : for 45 feet, 3.3 inches : for 50 feet, 3.1 inches : 
for 5S feet, 2.9 inches : for 60 feet, 2.8 inches i for 6; feet, 
ft. 7 inches i for 70 feet, 2.6 inches: for 75 feet, 2«j inches : 
for 80 feet, 2.$ inches: for 85 feet, 2.4 inches, for 90 feet^ 
ft.3 inches: for 95 feet, a.2 inches: and for too feet, 2.1 
inch, or at the mod 2.2. 

In pumps of this kind the pipes B and C (hould be made 
fiifficiently large : for when (hey are too fmall, the velocity 
of the water through them being great, the water will have 
foo much friAion to fuffer the pump to be worked with 
tniicb advantage. 
VOL. II, 3 c Hr. 
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If tfah nrachine be ctmflf n ^d acoerdingto tlM abov«-diflBeii* 
Bobs, it win nOk tiim!t'\mtr tltMi'any pcfritfn'iiAfldilea in 
hydmaiics would imiigiiie, 

Tlie force rtljiiilwtl to work a pumii will alwajs be as| the 
he^ht'to Which'the water iikidftd, and as the Iquare of the 
disindber of ttic^ puibp-bore in that part where the pifioi^ 
w6rkii Tliu% if tiro puitips be of equal heights, and one 
of ' thdhi brtwidfe as wide in the bore as the other, the wider 
will rtife lour tiines as muc(i w^er as the narrower one ; and 
coifequendy will reduire four .times the power to work it. 

Tbt pifton-ftid of a punfp b always raifed by means of a 
levtr, wUoTe Ibi^er arm eioe^s the fhorter one, in length, 
gei^en^ly £vc^ or fii times^' anid the power is.applied at the 
en^ of the longer arm ; by which means the rod is raifed by 
a flfth^ offish part ^f the power, which woukf lie required 
to raife the rod'with4ut it. 

The foUowing table ihows the quantity of water wluch a 
coftimbn fockhig piimp wHt dlfcharg^ in ont' minute, 'the 
puinp* bong xd any' g^en bdght above the fur£u:e of the 
well, from lo to loo feet induiive; and the diameter of the 
bbhf^of the bahr^l bdiig' ffdm '6:9) inches'to 2.19 inches 
inthifive.' • 
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OF steam-engines: — ^AND A DESCRIPTION Of 
MR. watt's 8TBAM-E)iOINE. 

Or all'theufcs to which ftram has been applied, there art 
none wiMene it ha» been uISkI with greater fuccefa than in the 
appUcation of it to raife water from any great depths as in 
|hat machine called the fleamren^oey otherwife denominated 
the fire-engpoe^ on account of the fire employed in boiling 
the water to produce the fleam. 

The fleam raifed from hot water is an elaflic fluid like 
air, and has its ebftidty proportional to its denfity, when 
|he. )iea^ is the (kme ; or proportional to the heat, when the 
denfity b the fame. The fleam nifod from boiling water 
of an ordinary heat is near 3000 times rarer than water, or 
about 3^ times larer than air, and its elafUcity is equal to 
thaf. of common air. And it has been found by experiment, 
that water, wh^n converted into very hot fleam, will occupy 
14000 times the ffsace that it occupied when in water, and» 
confequently, it will become five times ftronger than the 
atmofpherp. And by accidents that have luippened, it haf 
been denrx>nftrated thgt w^ter, fuddenly tifrped into fleam 
by the immediate application of great beat, is vaflly (trongu 
fhaa the atmofphere, or even gunpoi^dec, 

The fleam-engine U tl)e moft ufeful machine difcovered in 
modem times; and were it not for this mofl important 
inven4on, we fhould never have been able to work the coal- 
mines in England to the prefent advantage; as before the 
]afl century, for tl«e want of this engine to draw the water, 
the attempts of our ancefloif to procure cofds were always 
loeffedual. 

Before 
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aJtcroatdy turned by a mao, ia order to admk the fleams 
aod to refill the vefTel with cold water. 

Captaia Thomas Savery having read the Marquis's book^ 
conftruded an engine, which, after feveral experiments, he 
bxougfal to fome degree of perfedlion ; upon which he bought 
up, and deftroyed, all the books of the Marquis he could pro- 
cure, churned the honour of the invention to himfel^ and 
obtained a patent for the fame. His engine, however, would 
not raife water to any great height, or in quantities fufficient 
to anfwer the purpofe of draining a mine* The Urgeil he 
ever ereded was for the York Buildings Compauy, in 
London, for fupplying the inhabitants of the Strand, and 
chat neighbourhood, with water. 

Several other gentlemen, both in England and France, 
attempicd various improvements in the con(lru£tion and 
manner o£ working thefe engines; but with little fucce{S| 
till the year 1705, when Mr. Newcomen, an ironmonger, 
and Mr. John Cowley, a glazier, both of Dartmouth, made 
a coniiderable improvement in thefe engines, by bringing 
the engine to work with a beam and piflon (which had never 
been then introduced), and where the fieam, even at the 
greatefl depth of mines, is not required to be greater than 
the preflure of the atmofphere. Theie gentlemen obtained a 
patent for the fole ufe of this invention, for fourteen years ; 
and the firft engine they ere^ed was in the year 1 7 1«, at a 
colliery at Griff, in Warwickihire ; the cylinder of this 
engine being 2s inches in diameter. The next engine they 
ercfted was in the year 1718, at a colliery in the county of 
Durham, which wjs alfo improved by Mr. Henry Beighton, 
F. R.S. who introduced the mauner of opening and fhuttiog 
the cocks, by the hanging beam, as at prefent ufed; aacl 
Ijkewife made improvements in the pipes, valves, and fome 
other parts of the machine. 

When theie engines came to be better underfiood, and 
thffir utility, parpcularly in draining mine^ became muro 
evHienti from t(ic fr^t qtunber of tbein every where erede^ 
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pump^rods fink by their fuperior weight, and the pidon, at 
the other end of the lever, rifes ; and when that fleam is 
condenfed, the piflon defcends, and the pump-rods rife with 
their quantity of water ; and fo on alternatelyi as long as the 
pillon works. 

As the piflon does not defcend with a force exceeding eight 
or nine pounds upon every fquare inch of its furfiace ; and as, 
by reafon of accidental fri^lions, and alterations in the den- 
fity of the air, it is fometimes lefs than this, it will be fafefl 
in practice to calculate the weight at fomething lefs than 
eight pounds, viz. at about feven pounds ten ounces for 
every fquare inch, or 7.64 pounds, which is fix pounds upon 
every circular inch ; and, as a gallon of water of a8a cubic 
inches weighs i of- pounds, we have the dimenfions of the 
cylinder, pumps, &c. for any fleam-enginei as follows : 

c=the cylinder's diameter in inches. 

;»=the pump's diameter in inches. 

y=:the depth of the pit in fathoms. 

^=sgallons drawn by a flroke of fix feet. 

^=the hogfiieads drawn per hour. 

/rzthe number of fbokes per minute. 

Then c*' is the area of the cylinder in circular inches; 
therefore 6 c^ is the power of the cylinder in pounds. 

An^/>^x -7854x7^^ or \p^ is =^, the gallons contained 

in one fathom, or fix feet of any pump ; which, multiplied 
by/, gives \ p^ f for the gallons contained \nf fisithoms of 
any pump, whofe diameter is p. 

Hence, •{/*/ x rof pound gives 2 ^*/, nearly, for the 
weight in pounds of the column of water, which is to be 
equal to the power of the cylinder, which was before found 
equal to 5 f\ Thus, we have the fecond equation, viz. 
6 f*=2 ;>*/, or 3 c*=zp^/i the firfl equation being j./*sr/, 

From which two equations any particulan may be deter* 
mined, 

\0L. lu 5 D Or 
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The cormnon Steam- En ginCy (Tig. 9.) 

A is the boiler. 

B, the cylinder. 

C, ihc ir.jeft ion-cock, 

D, the fteam-cock, or regulator. 

E, the iliifting clack, 

F, the ediit^lion pipe, or finking pipe. 

G, the edui'iion raivc, 
H, the fafery valve, 
I, the pifton. 

K, the levcT l>eam. 

L, weights to con nterpoife the pifton, and prefs down the 
forcer in the pump- barrel M, to drive the water through the 
pipe N. 

O, a ciftern to hold the injection water. 

P, an air veffel which prevents the pipe N from burfiing, 
and ferves to keep uj> a regular dream. 

The boiler A is fillecl with water to the height of tie, 
which bein^ made to boil by a fire placed beneath It, wiU 
fill the upper part A D with a very elaftic vapour or ftedm, 
which, when it is of fufficient ftrinrth, will force oj i*n the 
valve at H. Thi^ lleaTi is> Ici into the barrel or cylinder B, 
bv turning: the co-'Ic T) ; and b; its eiaftic force railes the 
pifton I, which drives the air above it through a proper 
clack, placed at tlie top : and the vrio^vts L, at ihe other end 
of the lever, c^ufe it to detcend, and drive the pifton dowa 
the pump-barrel M. Then, in order to make the pifton I 
defcend, a little cold water is lei into ^he cvlinder, at the 
bottom, from the ciftern O, by turning the cock C, which, 
rifing in the form of a jet, confienfes the hot iicam in the 
cvlinder into wattr, wiiereby it occupi<*s about r ^ocjo times 
IcTs fpace than th.i: it took up before; which creates a partial 
vacuum in the barrel, and thereby permits the y\{\o\\ to 
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312 degrees is necellary to produce (leam ; and the difFerence 
of heat at which water boils under different prtlTures in- 
creafes In a Ufs proportion than the preflures themfelves; fo 
that a double preflure requires lefs than a double increafe 
of the heat. 

There are two principal defects in the common (leam« 
engine : firft, as the vacuum in the cylinder is produced hj 
throwing in cold water to condenfe the fleam, the water 
thrown in becomes hot, and produces a fleam from itfelf, 
which greatly refifls the motion of the piflon downwards, and 
thereby leflens the power of the engine. Secondly, upon 
attempting to fill a cold cylinder with iiot fleam, a great part 
of the fleam will be dcflroyed ; and the injection water that 
is let in to condenfe the fleam, not only cools the cylinder, 
but remains there until it be extruded at the edu^lion pipe by 
the fleam which is afterwards let into the cylinder, which 
fleam will be condenfed into water as fafl as it enters, until all 
the matter it comes iu conta^ with be nearly as hot as itfelC 

The great confumption of fuel alfo has been a material 
objed to thefe engines ; for it is well known, that a fleam* 
engine of an ordinary fize will confume near 3000 pounds 
worth of coals per annum, at any part near London. 

Mr. WdtCs Steam-Engine^ 

Mr. Watt has in a great meafure, if not wholly, remedied 
the foregoing inconveniences : he preferves an uniform heat 
in the cylinder of his engine, by fuffering no cold water to 
touch it, and by prote<^ing it from the air or other-cold 
bodies, by a furrounding cafe filled with the fleam, or with 
hot air, or water ; and by coating it over with fubflances that 
tranfmit the hea: very flowly. He makes his vacuum to 
approach nearly to that of the barometer, by condenfing the 
fleam in a feparate veflel, called the coiidenfer ; which may 
be cool^ at pleafure, without cooling thf cylinder, either 

by 



390 OP HYDRAULICS. 



by an injection of coid water, or by furrounding tlic condenfer 
with it| and generally b) both. Ti:c injeifhon wuier, and 
detached uir, lie extracts from the cylinder, or coiidcnfcr, by 
pumps, which arc wrought by the engine itfelf ; or he blows 
it out by the fleam. As tlic entrance of air into the cylinder 
would (lop the operation of the engine, and as it is hardly 
poilible that fuch enormous pidons as thofe of fteam-en^nes 
can move up and down, and yet be perfie^ly air-tight ; in 
the common engines a dream of water is always kept run- 
ning on the piilou, which prevents the entry of the air; but 
this mode of fecuring the piflon would be highly prejudicial 
in the new engine, though it be not hurtful in the comnnon 
ones. The pifton of the new engine is therefore made more 
accurately ; and the outward cylinder having a lid, which 
covers it, the fleam is produced above the piflon ; and when 
the vacuum is introduced under it, the f^eam a£ls upon it by 
its elafllcity, as the atmofphere does on the piflon of the 
common engines by its gravity, 'i'his mode of working 
effectually excludes the air from the inner cylinder, ami gives 
the advantage of inureafing ti>e power by increafing tl.e 
daflicity of the Ileum, as I'eea iu the following deicripiiou : 
A (Jig. lo) is the boiler. 

B, the fafcty valve, 

C, the pipe which conveys the fleam to the outer cy- 
linder. 4 

D, the outer c) linden 

E, the inner cylinder, 

F, the piilon. 

G, the valve that admits the fleam from the outer cylinder 
into the inner cylinder, called tlie fleam valve. 

H, the valve that admits the ilcani from the inner cylinda 
into tht condenfer, called the condenilng valve. 

I, the condenfer. 

K, the injedion vaive that admits a jet of cold water into 
the condeiiier, to cooJcnie the fteani. 

L, the 
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L, tht air-pump that exhaufh the condenfer both of air 
and the injeftion water that is let in at every (Iroke, and is 
fixed under water in the condenfing back M, which is full of 
water. 

N, the lever beam. 

O, the great water pump for clearing the mine, or raidng 
water for any other ufe through the pipes, &:c. 

This new engine differs from the common ones only in the 
foregoing particulars : having the cylinder, the great beam, 
the pumps, &c. in their ufual pofitions. 

The cylinder in this new engine is fmaller than ufual in 
proportion to the load, and is very accurately bored ; and is 
furrounded at a fmali diftance with another q'linder, fur- 
niihed wiih a bottom and lid. The fpace between the cy- 
linders communicates with the boiler by a large pipe C, 
open at both ends, fo that it is always filled with (learn, and 
thereby prcferves the inner cylinder of the fame degree of 
heat with the Oeam, and prevents the deam from condenfing 
within it, which would be more prejudicial than an equal 
condenfation in the outer cylinder. 

The inner cylinder has a bottom and pifton as ufual ; and 
as it does not reach up quite to the lid of the outer cylinder, 
the (leam in the fpace between them has always a free accefs 
to the upper fide of the piflon. The lid of the outer cylinder 
has a hole in the middle, through which thepifton-rod moves 
up and down ; this hole is kept tight by a collar of oakum 
fcrewed upon it. 

There are two regulating valves at the bottom of the 
inner cylinder, one of which admits the fteam to pafs from 
the fpace between the two cylinders into the inner cylinder, 
below the pifton, and fliuts it out at pleafure; the other 
opens or fhuts the end of a pipe that leads to the condenfer. 
The condenfer confifts of one or more pumps furniflied 
with clacks and buckets (nearly the fame as in common 
pumps), which are wrought by chains faftened to the great* 
working beam of the engine. To the bottom of thefe pumps 
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the pifton, which is therefore forced down by the full power 
of the fleam from the boiler, which is fomewhat greater thaa 
the prelTure of the atmofphere. 

In the common engines, when they are loaded to about 
feven pounds upon each fquare inch of the piftun, and are of 
a middle fize, the quantity of ^m which is condenfed, in 
refloring to the cylinder the heat which it had been deprived 
of, by the former injection of cold water, is about one full 
of the cylinder, beHdes what is really required to fill that 
veffel ; fo that twice the full of the cylinder is employed to 
make it raife a column of water equal to feven pounds for 
each fquare inch: or more iimply, a cubic foot of fleam 
raifes a cubic foot of water about eight feet higher, befides 
overcoming the fridlion of the engine, and the refiflance of 
the water to motion. 

But in the improved engine of Mr. Watt, about one full 
and a fourth of the cylinder is- required to fill it, becaufe the 
fleam is one fourth more denfe than in the common engine. 
This engine, therefore, raifes a load equal to 12} pounds 
upon each fquare inch of the piflon ; and each cubic foot of 
fleam, of the denfity of the atmofphere, raifes one cubic foot 
of water 2a feet high. 

Thcfe engines work more regular and fleady than the 
common ones ; and the favings amount at leafl to two thirds 
of the fuel ; which is an important obje^ where coals are 
dear. The new engines alfo will raife from 20000 to 24000 
cubic feet of water, to the height of 24 feet, by only one 
hundred weight of good pit coals. 
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any hlk ficokes of the charcoal. The bhck and red lead 
pencils are ufcd to draw out the draught the fecond dme, 
becaufe the lines drawn with thefe will not be liable to be 
rubbed out with the hand, when the lines are again drawn 
with the pen. The pens made of crow-quills (though another 
good pen may anfwer the purpofe) are to finifh the work. 
Rulers are to draw the ilraight lines, triangles, fquares, &c. 
which are to be done at firil, till pra6tice render them needlefs. 
The compafles fiiould have ileel points, which will take out, 
in order to ufe a bhck or red lead pencil ; theur ufe is to draw 
circles, ovals, arches, ice. ; aifb to meafure, by the help of a 
fcale of equal parts, the proportions of the figures. 

The Precepts of Drawing in general. 

There are no arts that depend lefs upon theory than thofe 
of drawing and painting ; in thefe it is principally prance 
and escperience that can render any one a good artid. But 
here, as in every other art, a few rules* may be of fervicc to 
the inexperienced iludent ; and in attending to the following 
rules, the young artiil fliould be careful in following the 
outlines of the figure, which is the firft procefs. He muft 
alfo content himfelf with copying parts of objects, before he 
aims at any finiihed piece, and dwell upon each part ; and 
never begin a fecond till he thoroughly under ftands the pro- 
portions of all the outlines of the firft. He muft alfo be very 
flow in hit firft operations ; and he cannot too often con- 
template the length, breadth, and every other proportion of 
each object of his original. For this purpofe be fliould hsve 
it conftantly in his eye, and cannot look at it too frequently. 

I. The firft part of drawing confifts of plain geometrical 
figures; as lines, angles, triangles, quadrangles, polygons, 
cones, and the like; for thefe are the foundation of the 
outlines of all other figures. The circle aflifts in all orbi- 
cuhu* forms; as the fun, moon, fruits. Sec: the oval, in 
giving a juft proportion to the human £ice and mouth, the 

3x2 moutli 



396 OF DRAWING. 



mouth of a pot or wdl, any cylindrical body, the foot of a 
glafs, &c. The fquare confines the piAure to be copied ; 
and ferves to draw a fcale, to enlarge or contra6t the piece. 
Sec, The triangle is ufed in the fide face ; the polygon, in 
ground plans, fortifications, &c. angles and arches in per- 
fpeftive ; the cone, in fpires, fteeples, &c. ; the cylinder io 
columns, pillars, pilaflers, and their ornaments. 

2. Tiie next pan of drawing confifts in the forming of 
fruits, which generally depart a little from the circular form ; 
as apples, pears, cherries, grapes, &c. : the imitation of 
flowers, as rofes, tulips, &c. ; herbs, s^ thyme, mint, &c. ; 
trees, as oak, fir, &c. 

3. The third parr of the practice is the imitation of beafls, 
fowls, and fiQies, of which variety of prints may be purchafed 
at reafonable rates. 

4. The fourth part confifts in imitating the hunvm body, 
-with all its Uneaments ; as the head, uofe, eyes, ears, cbeeki| 

hands, arms, &c. which muft be all exaftly proportioned, 
both to the whole, and to one another. 

5. The fifth part of the pradice confifts in drapery, or 
imitating the clothing, and fetting off in an artificial manner 
the outward coverings of the body ; as cloth, filk, ftu^i linen, 
&c. which fiiould liave their natural and proper folds. 

In every form it is nccefiary, fir^j to obferye the greateft 
exa<5l:.efs in the proportions of every figure ; and alfo in the 
different parts of each figure. Secondly, the general outline 
of the whole work ftiould be accurately drawn, before the 
piece be ri.adowed, or finifhed within. 

When the artift has proceeded fo far in the art as to at- 
tempt fi^ureb of a more uncertain form, where the circle and 
fquare cannot be ufed ; as in lions, horfes, &c. he muft work 
by his own judgment, and be dire<^ed by a conftant attention 
to his original, and fo obtain the true proportions by daily 
practice. 

The piece which is to be drawn, is to be firft rudely 
Iketched with the charcoal; fecondly, the lines are to be 
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more tia^tly drawn with the lead pencil, rubbing out any 
fiilfe or imperfed ilrokes of the charcoal ; then having pe* 
rufed it well, mend it with the pencil, where there are anf 
errors : thit done, perufe it again, correding by degrees all 
the errors of lefs magnitude, even to the lead jot; then 
compare it with the original copy, uling neither the rule nor 
the compafs, but giving every part its due place and pro- 
portion according to judgment. 

When the artift has arrived to fome perfe£^ion in tht art, 
be may begin to copy after life, for this is the mod corrcft 
and complete method of drawing or painting ; and here only 
he has the largeft liberty of imitation. But there ought to 
be fome perfedion in the art before he aims at this. 

Particular Dire&ions for Drawing. 

The print or painting which is to be copied, is to be placed 
fo, that the glofs of the colours, or fliades, may not fall upon 
f he eye, and thereby prevent a pcrfe<5l view of the piece ; 
but it is to be fo placed, that both the light and the eye may 
fell obliquely upon it. It muft alfo be placed at fuch a 
diilance, that the whole may be taken into the eye at once; 
for which purpofe, the larger it is, the further diftant it muft 
be placed, and fet a little reclining. 

Make a fimll point upon the paper, to reprefent the centre. 
And obferve, as a general rule, always to begin with the 
right Ade of the piece; for by that means, what is finiflied 
will not be hidden by the hand or pencil. Obferve alfo the 
tnoft perf[)icuous and uppermoft figures in the piece (if there 
be more than one), which are to be touched upon the paper 
in their proper places, by the charcoal ; thus running over 
the draught, there will be had the (keleton of the work^ 
which is to be afterwards finiihed and filled up. But great 
care is to be taken in obtaining a true draught, and the more 
time there is beftowed upon it^ the more it will improve the 
learner. 

To 
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To arrive at any tolerable proficiency in thk art, tbt 
ftudent muft particularly attend to the dire^ions ^en ia 
the following leflbns. He muft alio perfieA himfelf in the 
pradice of the firft before he attempts the fecond, and m the 
fecond before he proceeds to the third, dec 

LESSON I. 

The firft part in which the learner fhould perfed himfelf 
b, in drawing the introductory lines with the feveral fieatures 
and limbs of the hunum body feparately ; in order to which, 
he (hould be able, not only to imitate perpendicular and 
parallel lines, without ufing the ruler ; but alfo the fevend 
forts of curved lines, with their different inclinations. When 
he can perform this with eafe, he may proceed to draw the 
outlines of the features of the human ftce; as the eyes, 
nofe, mouth, and ears (fig» z6, 17, 18, 19, 20, and 21^ plaie 
35); and from thence to the limbs and other parts of the 
human body (fig. 5 and 9). Thefe mufi be only faintly 
/ketched with the charcoal, that they may be eafily rubbed 
out, in order to make the neceffary alterations, 

LESSON n. 

When the learner has become mafter of the parts defcribed 
in the foregoing leflbn, he may then, and not before, at- 
tempt the profile, or fide face (fig. i, 3, 12, and 13), ftrldly 
obferving the proportions both of the whole, and the feveral 
parts to each other. He may next defcribe the full or oval 
^cc (fig. a, 10, and z i), (Hll obferving the bearings of every 
fieature with refpeCt to the reft. The eye, feen in front, is 
divided into three equal parts (fig. 16), the centre part of 
which is the fize of the fight ; and the opening of the eye 
is generally about one third of its length. The eye in 
profile (fig. 1 7) is half the fiic of the eye in front, being only 
one third and a half of the length of the eye in front. The 
nofe, feen in ftont, is of the fame width as when feen vn 
% profile^ 
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pfofilc^ which is equal to the length of the eye (fig. i^ and 
x6), and the noibril in height is nearly one third of the width 
of the nofe. Thefe proportions are to be attended to only 
during the learner's firll pradtice : when he has arrived to a 
little proficiency, he is to follow his own judgment only, ia 
the proportions, paying more regard to his original than to 
any verbal diredions. When he is able to finifh the outline 
of die profile and fiill face, he may proceed to the other dif« 
ferent inclinations of the ^ce, as feen in the plate. 



LESSON III. 

When the artift can eafily imitate the diffirrent features 
and limbs, he may begin to attempt whole length figures ; 
which is to be done in the following manner: (ketch the 
whole over lightly with the cliarcoal (or, if the learner be 
able, he may ufe the black lead pencil at firfl), beginning 
with the head, next the (l)oulders, then the body; after 
which, the arms and hands, then the hips, legs, and feet ; 
then examine the proportion of the different parts, rubbing 
out any ftrokes of the charcoal where necefTary ; and draw* 
ing the lines over again with the black lead pencil, to bring 
it as near as pofBble to the original. When this is done, 
proceed to finifh the figure, by drawing it over again with 
the crow-quill pen, and Indian ink, departing from the 
bhick lead lines where it may be found neceflary. Then 
rub out all the marks of the pencil with India rubber. The 
compafTes ^vt not to be ufed till after a very minute infpec- 
tion with the eye : when, if there be any fault that cannot 
be eafily difcovered, by applying the compafTes, firfl to the 
original, and then to the copy, the fiiult will be foon found. 
To afcertain the proportions of the feveral parts of the human 
body, a perpendicular line (houM be firfl drawn through that 
part intended for the middle of the figure : which ihould be 
divided into feveral equal parts, and from fuch roenfunftion 
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a foile may be formed to regulate the proportions of every 
part of the body. Some divide the length of the humaa 
body into eight heads or part^, and others divide it into ten. 
When the human body is divided into eight heads (fig. i, 
fla/e 26), the length of the head, which is the firft divijQon 
of the figure, will extend from the crown or top of the head 
to the bottom of the chin. The ftcond divillon will termi- 
hate in a line drawn through the paps of the breads. The 
third divifion will fall a little below the naveL The fourth| 
acrofs the privities, which is exaiflly the middle of the figure. 
The fiftli crolles the middle of the thigh. The fixth is 
jud below the bend of the knee. The fcventh falls a little 
below the calf of the leg. And the eighth extends to the 
bottom of the heel. — And obferve, that the full extent from 
the end of the middle finger of the right hand to that of the 
left| when the arms are extended at full length in a dirc^ 
line, is jull the length of the whole figure, and from the 
middle of the collar-bone to the end of the middle finger b juft 
four heads, or half the length of the figure, viz. :~The Brit 
head extends to the bend of the flioulder ; the fecond from 

thence to the elbow ; the third to the wrift; and the fourth 

•k 

to the end of the middle finger.' Thus, from fhoulder to 
Ihoulder, in a man of common fize, nieafures exa£ily two 
heads. There h no prccife ftandard for the breadlh of the 
linjbs, for they vary according to the bulk of the perfou. 

When the human body is divided into ten heads: the firft 
divifion extendi from the crown of the head to the under lip; 
the fecond, a little below the collar-bone, which is juft even 
wiih the middle of the flioulder; the third will fall jufl below 
the })aps of the brealt ; the fourth will reach jull below the 
navel ; the fifth, being the middle of the figure, will pafs 
acrofs the privities ; the fixth will pafi over the middle of 
the thighs; the feventh crofTes the bend of the knee^ the 
eighth pafTes direftly through the calves of the legs; the 
Dinth extends half way from the calf to the bottom of the 
heel, where the lafl divifion terminates. 

The 
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The learner fhould pay particular attention to thefe pro- 
portions, and retain them in his memory. It is alfo neceflary 
that he have fome knowledge of anatomy, as it will enable 
him to judge of the proponion and difproportion of the hu« 

man figure. 

LESSON IV. 

The drapery^ or clothing of the figure, is next to be con- 
fidered. Having drawn the outline of the figure faintly with 
charcoal, correding every part tliat appears faulty ; proceed 
to draw the outline of the drapery lightly with the charcoal, 
with the feveral folds, not fufiering the folds to crofs each 
other. The quality of the drapery (hould alfo be confidered ; 
ai fhiflfs and woollen cloth are more harih than filk, which is 
always flowing and eafy. The drapery fhould not (Hck too 
clofe to the body ; but ihould appear to flow eafily. If the 
drapery be fuppofed to be blown by a breeze of wind, it 
(lion Id all flow one way : and the parts next the body fhould 
be drawn firfl, before thofe which fly off. The garments 
fliould always bend with the figure; and the clofer the dra- 
pery is to the body, the fmaller muft be the folds ; and if it 
be quite clofe to the body, there (hould be no folds, but only 
a hint, (hadow, to reprefent that part of the body which it 
covers. The bed rule in this cafe is, to remark the folds at 
they appear in the drapery of genleel perfons, if the figure 
be to have a modern drefs; but a few particular rules may, 
however, greatly affifl the learner : 

I. Carefully avoid a fuperfluity of drapery.—-!. Let as 
much of the form of the body as poffible appear under the 
drapery.— 3. When the draperies are large, let them be 
thrown into large and gracefiil folds.— 4. Drapery which is 
clofe to the body, (hould appear to be loofened by fmall folds, 
judidoufly placed : for want of this caution, the figure will 
hare a certain (lifFnefs, and appear as if wrapped^ round with 
a bandage, inflead of being clothed.— »5. If there be much 
drapery, let the greater part, if poffible, be thrown into flia- 
dow.— 6. Thofe folds which h\l in the light muft have fuch 
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The fhades ihould be rubbed with a piece of paper or 
glove-hithir^ tolled vp haidy and cot almoit to a point, 
like a pepcil ; which ferves to blend the (hades, and foften 
Ihem luto each other ; and aifo to weaken them, where they 
appear too fhrong. India ink is prepared for different fhades, 
by rubbing it, more or lefs, in water on a marble ftone, cut 
in hollows for that purpofe, referring one of the hollows for 
the water. In (hading a pieee, as well as in drawing the 
outlines, the bed rule is to follow nature, which will greatly 
improve the ideas of the learner in the difpof^l of light and 
(hade. 

To enlarge, or contraB, a Piece. 

Divide the original into any number of equal fquares ; 
then dii^de the paper, upon which the piece is to be drawn, 
into the fame number of equal fquares, either greater or lefs, 
than thofe in the original, according as the piece Ls to be en* 
larged or contracted, and draw the feveral parts of the piece 
as they fall in the fquares of the original, in the corrcfpondiiy 
fquares of the paper : then outline it with India ink, and rub 
out the black lead marks of the fquares ) and fliade the piece, 
&:c* To prevent miibkes, the fquares may be numbered, 
both in the original and copy (fi^, 14 aiui 1 5, plate 25). 

Though the human body be divided into eight or ten heads, 
as before obferved, and which may anfwer for fmall figures, 
and where great exadnefs is not exported, yet it mull be 
remembered, tiiat thefe are not the exa6t proportions. Where 
the figures are large, the artift (hould be more correct ; for 
which purpofe, it may be neceflary to attend to the propor- 
tions of the ancients, as they are given by M« Audrsn, from 
the proportions of the Apollo Pythius, in the^rdcn of the 
Vatican at Rome, and the Venus Aphrodite, belonging to 
the family of the Medicis: both which figures arc fuppofod 
to (land upright, duly poifed on both leg^. The whole 
height of the former is divided into 3 1 1 parts, being 7 heads 
3 pares and 6 minutes ; and the latter into 3 r parts, bdng 7 
heads and 3 parts, as follows : 

3 r ft Lenj^tA 
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length of the Fcre-Arm^ or upper Eif:trem%ites 



Apollo. 

Hd. Pts. Min. 



Ffom the top of the (houMcr to 

the elbow 
The elbow to the hand 
• The joint of the hand to the 

root of the middle finger . 
The root to the tip of the 

middle finger . • 
length of the upper extremities . 
Bfvadth between the outward an- 
gles of the eyes 
Of the tee at the temples 
Of the upper part of the neck 
Over the flioulders 
Of the body below the arm-pits 
Between the nipples • 
From the bottom of the chin to 

the line crolfing the nipples 
Of the body, at the fmall of 

the waift • 
Over the loins • , 
Over the haunches, or tops 

of the thigh bones • 
Of the thigh, at the top 
Of the thigh, below the middle 
Of the thigh, above the knee 
Of the leg, below the knee 
Of the calf of the leg 
Below the calf • 
Above the ankle 
Of the ankle • 
^elow the ankle 
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Midalc €n tM loot • 
At iht roots of the toes 
Of tlie arm, over the biceps 
muiVie . • • • 

Of the ai-r.i| above tke dbow 
Of tiie arm, below tKe elbow 
At the wriil • 
Of the hand, over the firft 

joint cif the thumb • 
Of the hand, over the roots 
of the fii^f^ers • 
Breadth over tlie flioukler bladet • 
Lmgth of both arms and liands^ 
each of Apollo's being jhds. 
s pet. 1 1 min. and each of 
Venus 3 hds. i pt. 5 min. 
Bfcadtb between the tips of (he 
middle fingers of each hand, 
wlien the arms are extttudcd 
horizontally • • • 



Venus. 

Hd. Pti. Min. 

013 

I 




Side View. 



From the top of the head to the 

fboolder • • 
The top of the (liouldtr to 

the loins, above the hip . 
The IcMns to the lower part of 

the hip . • • . 
The hip to the fide of the knee 
The fide of the knep to the 

br)r: jm of ti;c heel - 
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Apollo. 
Hd. Pts. Min. 



From the ton to the back pirt of 

tfaefkull 
The wing of the nofe to the 

tip of the ear • • • o i 
The upper part of the oeck Jo 1 
The breaft to the back, over 

the nipple , 
The belly to the foiall of the 

back 
The belly, above the navel, to 

the back of the loins 
The bottom of the belly to 

the round of the hip • 

The fore part of the thigh to 

the bottom of the hip . o 3 
The middle of the thigh • o 3 
The thigh, above the knee • o 2 
The middle of the knee • o a 
The leg, above the knee . o i 
The leg, at the cnlf . .01 
The leg, at iheaiiklc ..or 
The foot, at the thlckcll part 
Length of tlie foot . 

Tlie iifc! to the fore part of 

the bend of tlie foot 
Tiie ai ni, over the bici^ps • o 
Over me eibow . , o 

He low the c .bo'.v , .jo 

At ;h- -.vrift . . . 1 o 

Below !he joir.t of :he w rift . | o 
The hand, z: tl.c roors of tLc ! 

Snocrs . . ;^ . I o 

A: the roots of the nsi!> .0 
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^ Thefe are the proportions of the two mofl admired ftatues 

extant : the proportions of fome other admired fbtues differ 
ibmewhat from thefe ; for example-^the Laocoon meafures 
7h. ftp. 3m. ; theHerculeSy 7b. 3p. 7m. ; the Pyramus^yb. 2p. ; 
the Aotinous, 7h. 2p. ; the Grecian Shepherdefs, 7h. 3pw 6m. ; 
and the Mirmilb, 8h.— But the porportions of each part of 
the fame figure are allowed to be perfectly haraionious, and 
i^recable to the chancers. 

It muft alfo be obferved, that the centre^ or middle part, 
between the estrcmities, or head and fert, of a new -bom 
chil^b in the navel ; but that of an adult, or grown perfon^ 
b in At OS pubis. Painters and fculptors generally divide 
the Iciyh of a child into four, five, or fix parts, according to 
its age ; and the head is one of thofe parts. Thus, a child 
of two years old lias about five heads in its whole length; 
but one of from four to five years has near fix heads ; and 
about the fifteenth or fixteench year, feven heads are the 
proper proportion or meafure, and the centre is in the upper 
part of the pubis. Therefore, as the body increafes in 
growth, there is a gradual approach to the proportion of an 
adult, who has near eight heads in his whole ieng.h, or rathey 
upwards of feven and three quarters. 



SECT. IL 

OF ETCHING COPPER-PLATES. 

EiciiiNG is a mode of engraving on copper, where the 
lines or flrokes are eaten in with aqua-fortis, inftead of being 
cut with the tool, or graver. 

Etching has feveral advanr\ges over graving; as being 
done with more eafe and expedition, requiring fewer inflru- 
ments, and reprcfenting fiiint, diftaiit obje^s more agree- 
ably, and according to nature. It is ufually done in all 
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phtes where there is a complexity of work, though the yut 
generally finiflied by the graver. 

I The inftruments proper for etching are^ needles, an oil- 
fiooe^ bruih pencils, a burnilher, fcraper, compafles, ruler, 
tracer, and the graver; with the hard and foft vamifli, pre^ 
pared oil, and aqua-fortis. 

The needles ihould be of a fine grain, and fuch as will 
break without bending, of which there ihould be feveral 
iizes. They are to be fixed in firm round (licks, about Bx 
inches in length, and the thicknefs of a large goofe-quill ; 
and may be fixed in fuch (licks as. have a pencil at the other 
end. They (hould (land at lead a quarter of an inch out of 
the (lick. 

The oil*(lone is to whet the needles upon : and, mte^ if 
the points are to be round, they are to be whetted (hovt 
upon the (lone, by turning them round ; but if the points 
are to be (loped, they are fird to be blunted upon the (lone^ 
and then whetted, (loping on one fide only, till they come to 
a (hort oval. 

The bru(h pencil is to cleanfe the work, wipe off the duft, 
and (Irike the colours, even over the ground, when laid upon 
the pUte. 

The burniiher is a piece of tampered (leel, fomewhat 
round at the end, for fmootbing and giving a ludre to the 
plate. 

The fcraper is ufed for clearing the plate of any fcratches, 
or drokes, which the burniiher will not take out. , 

The compafles (hould have deel points, and are chiefly 
ufed in driking circles, meafuring di(bnces, &c. 

The ruler is chiefly ufed to draw draight hatches, or lines, 
upon the plate. 

The tracer is ufed for drawing through all the outermoft 
lines, or circumference of the print or drawing, which if 
called etclung ader. 

The manner in wtfch etching is perfomicd, is, by covering 
tlie furface of the plate with a proper vamiib, or ground, 
. XOL, lu 3 o capable 
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Capable of refifting the aqua*fbrti&; and then dfiwing tto; 
lines of the figure with needles^ quite through the vamiib^ 
upon the pltte ; the plate being then covered with iqua-fortis, 
the parts of the copper where the lines ^ire drawn, being 
expoTed to the adion of tlie aqua^fortis^ will be corroded or 
eaten away by it ; while the reft of the plate^ which is co* . 
vered with the var/iifl), will remain uutouchedk 

There are two methods of etching, differing from eacb^ 
olher in the vamilh ufed, and in the quality of die aqua* 
fortis; but the general methods of performing them are 
both alike. The vamiihes or grounds are dilKnguiihed by 
the names of the hard and tlie foft vamifli ; for their dif» 
ference principally confifts in the refinance they give to th^ 
lieedlesi in working. The hard vamifh was formerly mod 
in ufe, on account of its admitting the work to be made more 
Qorre^y and appear more like engraving with the tool, or 
graver; and the fimmefs of the body of this vamiih gave 
more opportimity of retouching the lines, or enlaiging them 
with the oval-pointed needles ; for the excellency, of etching 
wis formerly thought t6 confift in its near refembUnce to 
engraving ; and the principal obje<^ in thofe who pradifed 
it, was to render i: as near as poflible in appearance to en- 
graving by the too! or gfraver; Mhich, however, was the 
principal, caufe of ohftruding the improvement of the art, 
and cramped the talents of the ableft maftcrs. The foft 
varnifli has, therefore, almoft fuperfeded the ufe of the hard, 
except in the cafe of fome particular fubjeds, as it admits 
of a more free manner of working, and aflfbrds a pom'er of 
cxpreffion incompatible with the inflexibility of the haid 
varnifh, which confines tlie lines and hatches to fuch a legu- 
1-irity and famenefs, as gives a Hiffnefs of manner, and cold- 
ncfs of c^^y to tlie work, particularly in hiftorical engraving, 
where there is a greater opportunity of exercifiog the force 
of genius and fancy; and where the ctftA at the whole, 
more tlian the minute exadnefs of fin^lUng tbt feparate 
Ijarts, coulHiwtes the principal vake^ 

* , - The 
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The manner of etching with the foft varni(l\ is now more 
frequendy intermixed with the uie of -the graver than for* 
roerly : which is generally attended with great advants^esi 
pven where the whole is intended to pafs for the work of th^ 
graver ; as it gives an opportunity of ihowing the truth and 
fpirit of the outline, and gives all the variety of (hades which 
the different kinds of black can produce; while the exa^nefi 
and regularity of the lines, which are requiiite for finifhing 
many kinds of defigiis, are fuppJMd by the graver ; and by 
a judicious Application of both, that complete finifhing and 
effeft is produced, which cither of them alone would be in- 
capable of afording. 

The Preparation of the foft Vami/h^ as HreBed ly Mr. 
Lawrence f an eminent Engli/h Engraver at Paris* 

'' Take of virgin wax, and afphaltum, each two ounces; 
of black pitch, and Burgundy pitch, each half an ounce : 
melt the wax, and pitch, in a new earthenware, glazed pot^ 
and add to them by degrees the afphaltum, finely pow- 
•liefed ; let the whole boil till fuch time, as that (taking a 
drop u];$oii a plate) it will break, when it is coki, on bending 
it double two Or three times betwixt the fingers. The 
▼arniili being then boiled enough, muft be taken off the fire; 
And letting it cool a little, muft be poured into warm water, 
that Jt may work the more eafily with the bands, ib as to be 
formed into balls; which muft be rolled up, and put into a 
piece of taftety for uie." 

In boiling the ingredients, it muft be obferved, firft, tint 
the fire be not top violent, left they bum— a flight fimmering 
.will be fufficient : iecondly, while the afphaltum b putting 
in, and even after it b mixed with them, the ingredients 
fiould be ftirred continually with the fpatula : and, thirdlyy 
the waterj into which this compofition u thrown, fliouki be 
iiearly of the fame heat with the compofition, to prevent a 
kind of tracking, which will happen- when the water is too 
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times two or four candles are uied together^ for difptlch; 
for the varniih muft be bhdcened before it grows cold i lot 
if it grows cold during tlv? operation^ the plate muft^Rr 
heated again, that the varnifh be in a melted fiate when tta 
operation is performed : great care muft be taken, not l» 
fcorch it ; which may be perceived, when it happens, by the 
varnifh lofing its glofs, and appearing burnt. Large platea. 
are fometimes fufpended from the ceiling by four cords, with 
an iron ring about four inches diameter at the end of cAch 
cord, to hold each corner of the plate. The phte being that 
fufpended with the varnifh fide downwards, may be black* 
cned very conveniently. 

In blackening the varnifh, the candle or flambeau fbouU 
be kept at a proper difbnce from the pbte, that the wick 
may not touch the varnifh. If, after the operation, it appevB 
that the fmoke has not penetrated the vamifli, the pkte muft 
be again heated over the chafing-difh, and as the pbte grows 
hot, the varnifh will gradually melt and incorporate with tbe 
fmoke, that lies above it, in fuch a manner that the whoftt. 
will be equally pervaded by it. 

The greatefl caution is neceflary in this operation, to keep, 
m moderate fire all the time, to move frequently the platc^ 
and change the place of every part of it, that the varnifh may 
be equally melted every where, and kept from burning^ and 
to keep the varnifh entirely free from any filth, fpark, «r 
duft, till it be entirely cold. 

The Method of applying the hard Vami/h. 

"This is en^ly the fame as that of applying tbe foft var- 
aifli; being fpread equally over the warm pbte with the 
taHety ball, and fmoked in the fiime manner ; but after it ii 
fmoked, it mufl be baked, or eUe dried over a gentle char- 
coal fire, till the fmoke of tbe varnifh begins to decreaie; 
obierving not to heat the pbte too much) which would bani| 

md Mteii tbevamiih* 
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"The pine being thus preptfed, the otttUnet «f the piece 
to be dmwn oo the vaniiih, as follows :— haviog an txaA 
of the outlines of tbe iiefign upon a piece of thin 
pgper« rub the other fide of the paper with cbalk, or SpaHiih 
tirhile; or, which is better, with red chalk powdered, bruih* 
iog all the k)ofe chalk oflF with a lin^n rgg ; then the ffadned 
^de of the paper is laid upon the varniihy the corners £xed 
tb the plate with wax, or wafers, to prevent its moving ; apd 
Ae flawing is (lightly traced through all the lines with a 
bhinled needle, or pointer, which cumnnunicatet to the yar* 
■ifh the exaS outlines of the defign. 

The defign being thus chalked on the varaUh, thejiext 
piocefs it to draw the federal lines with the needle through 
the ground upon the copper ; obferving, that fuch parts of 
Aft plate at is not to be wrought, Ihould be covered with a 
iioct of white pq^er, upon which tsa fheet of brown paper, 
is Older to left the hand upon, to prevent its touching tbe 
Miuin* 

i In diawing the lines through the ground, as they confift ii 
To great a variety, beiiig feme i^raight and otben croobcdi 
fatat finall and others large^ there mufi coofieqnently be u/cd 
Jeveial forts of needles, bigger or left, as the work requires 
The hurge lines are made hy leaning hard on the needle, the 
pDsnt of arhich ihouM be fhort and thkk; or fay nn^riung 
itveral lines or hatches dofe to one another, and pafii^ 
them over again with a thicker needle; or by making tbeoi 
with a large needle, and permitting the aqua^fortis to lie 
longer thereon. 

When the lines or hatches are *to be of an equal thicknefi 
•linoro endio end, the needle flioaM have tbe ikne force hn^ 
prefled upon it; hitt where tbe Uaes are lequired to be 4b% 
mr fmall, the needles ihould be Ueaned upon lighter; and 
iphere they are to be deep or tug^ the needle flxmU le 
Jeaaed upon heavier. When the Unet taie too fmall, ibt^ 
ifliould be drawn over agn .with. J fliort rounl^pQiMd 
needle^ leaning firongly where they lh«lUihe mDmimp*, 
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T he oval-pointed needle is mod proper for making hr^ 
and deep ftrokes. It (hould be held in the fame manner 29- 
a pen, with the flat fide next the thumb ; though it may be 
uied, with the fiace the other way : it muft be held as nprigfat 
and flraight in the hand as poffible, (hiking the ftrokes freely' 
and firmly, which render them neat and clear. 

The fine needled with flender points, are proper for fine 
ilrokes, and for the ^nt (Irokes of thofc places at the greateft* 
difiance, in a landfcape; and alfo for thofe places ntareff 
the light. And it is requifite, when at work, to brufh off 
all the loofe dufi which is worked up by the needled. 

It is hardly necefiary to obferve, that the iludent flioultf be 
fo fiur mailer of the art of drawing, as to be able to copy ntf 
print exa^y, before he attempts etching. It ils aMb ntccffkrf 
that he be able to hatch with a pen or pencil exadly, from 
good copies ; and then he will be able to draw from pfadfier, 
or fix>m the lif^?. 

In (hading his piece, he muft be careful to obferve hoir 
the original is fhadowed, how clofe the hatches are joined* 
how they are laid, how they incline^ and which way the 
light falls, which muft always fall one way. If the Bght 
fell fideways in the print, that fide, which is fiutheft from the 
light, mufi be hatched tlie darkeft. ' 

In landfcapes the part next to the eye is to be hctcbeif 
iiarkefi ; and the reft to decline in its fhadow gradually, the 
fiirther it is off from view. The fame is to be obfenred in 
iptching a'fky ; for that which is neareft the eye, muH have 
the deepeft (hades; but in general, as foft and faint at 
poffible, gradually lofing its (hades as it comes nearer to Che 
ground ; and where they both meet, as it were, the (ky n^uft 
be entirely loft. 

If any fcratches, or falfe ftrokes, happen in the working;^ 
^ey are to be (lopped up with a hair pencil, dipped in At 
Venetian vami(h, mixed with lamp black, by which mCMt 
tliefe places will be defended ftom the aqua-for^. 

4 The 
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. The next operation it that of eating, or corroding, the 
phte with aqua-fortis ; in order to which, a border of foh 
wax, fortned of bets- wax, melted, and mixed with a Uttle 
tallow and Venice tur|>entine, mud be raifed round the edge 
of the plate, about an inch high, in the form of a little wall, 
or rampart, to contain the aqua-fortis. A gutter is ufually 
formed at one of the corners of thb border, to pour off the 
aqua-fortis, wiien requifite. The border being thus raifed, 
mix Ibme refiner's aqua-fbrtis, with half its quantity of 
comnMMi water, and pour it gently upon the plate, till it 
rife about a finger*s breadth above the furface of the plate, 
when it will be feent that the aqua-fortis will foon exert itfelf 
in th^ hatches, which have been ftrongly touched ; but thofe 
more weaiily engraved, will appear at firft clear, and of. the 
fiune colour as the copper* The aqua-k>nis muft, therefore, 
be fiiffered to continue on the plate till its effeds become 
rifible on the more tender parts. It muft then be poured 
' -cSf the plate wafhed with clean water, and dried before the 
fire; and all the lighter parts of the plate covered with 
a pencil dipped in the Venetian varniih. The aqua-fortis 
muft then be poured on again, and fuffered to continue a 
longer or (horter time^ according to the ftirngth of the 
menftruum, and the nature of the engraving; whea it muft 
be again poured off as before, and the plate immectiately 
waflied with watcr# 

While the aqua*fortis is on die plate, the verdigrife that 
gathers in the hatches, by its adl^ion, (liould be cleanfed «way 
with a feather, which gives the aqua-fortis more.rooip to 
exert itfelil 

When the plate is fufficiently corroded, and waftied with 
water, it muft be warmed by the fire, and the wax lx>rder 
removed; after which, it muft be heated, till the varnifti 
melt ; then it muft be well wiped with a linen cloth, and 
rubbed with oil of olives ; when it will be ready to be re- 
touched, and finiihed by the graver. 

" The 
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The Jbanagement of the aqua-fortis is the principal m^tcr 
in the whole art of ecching, and on which the fuccefs of the 
work chiefly depends. For the exa6l (Irength of the aquv 
fortis, the time it is to continue on the plate, &c. no certain 
rule can be given ; but pra&ice and experience abne can 
kiform the artift* 

Of etching Letters. 

To etch letters, the copper-plate ^ to have a ground of 
virgin wax, which is to be fpread very evenly with a feather, 
all over the plate, while it ii warm ; then the letters being 
wrote on paper with a blrxk lead pencil, the written fide of 
the paper is to be laid upon the ground of the plate, the 
paper being fastened at the four corners, as before directed. 
Then rub the back of the paper all over with a burnifher^ 
taking care to rub every part of the paper ; and taking the 
paper oft the plate, the letters will all appear written on the 
wax, but reverfed ; they are then to be drawn through the 
wax on the plate with a tracer, cleaning the work from the 
ioofe wax with a linen rag, or pencil bruQi ; then railing a 
border of wax, and pouring on the aqua-fortis, as before, 
the letters will be etched. The plate, being cleaned from 
the wax, is, in the next place, to be poliflied, as follows: — 
take a piece of good charcoal, and pulling off the rind, put 
fair water on the plate, and rub it with the charcoal; and 
by this means the plate will be cleared from all the varniih. 
But the charcoal (hould have no knots, or roughnefs. 
After this, wafli the plate with a little aqua-fortis, added to 
twice its quantity of Water. Laflly, the plate (hould be 
wiped dry, and rubbed with a little of the olive oil. Then, 
if any place require to be touchevi with the graver, it ma/ 
)k corredcd ; and the plate will be iiniflied. 
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Engraving with the tool (fo called in contrsdlftindion 
tothofe piites uhich are iirll etched, and which are called 
etchings) was thefirft kind of engraving praftifcd, and b itill 
u(e4 for many purpofes, particularly in portraits, where 
great regularity and exa^tnefs in the lines are required; as 
there every minute part mufl be exprefTed according to the 
original fubje^^, without allowing the artift the leaft indul* 
g^ce of £uicy. 

The principal inftruments ufed. in engraving ire the 
graverSi fcrapers, a burnifher, an oiUfione, and a culhioa 
for bearing the piat^ 

Gravers are made in ieveral forms, with refpe^ to tho 
points; fome being fquare, others vlozenge: the fquaro 
g^ver b ufed to cut broad deep firokes ; and the lozenge for 
more delipite, and fine (Irokes. La Bode recommends a 
form betwixt the fquare and lozenge ; fomewhat long, and 
fmail towards the point, as the moil generally ufeful. 

The bufniflier is ufed to affift in the engraving, on fonoe 
occafions ; and alfo to p«lifh the pUtes. This inftrument 
fa about fcven inches in length, and of poliihed (leeL The 
burnifher is formed at one end, and the fcraper at the other 
end of th^ fame indrument. This ferves to take out any 
fcratches that may happen on the plate ; or to leflen the 
ffieA of any parts, that may be too ftrongly marked. 

' The cufhion is ufed for fupporting the plate in fuch a 
inanner, that it rnay be turned every way with eafe : it ii 
formed of a bag of leather, filled with fand, and fhould be of 
^e fizi: that will befl fuit the plat^ it is intended to bev. 

Of 
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0/* holding the Graver. 

The graver ihould not exceed the length of five inches 
and a half, including the handle, except it be ufed ior (Iraight 
Hoes; and that part of the handle which is on the fame line. 
with the belly, or (harp edge of the graver, (hould be cut 
off flat, that it may be no ob(iru6lion in working. 

The handle of the graver (hc^jld be held in the hollow o| 
the baad, with the fore- finger refiing upon the back of tht 
graver, in order that it may be m oved parallel to the plate* 
Qreat care muft be taken that the fingers do not interpofe 
between the plate and the graver, which would prevent the 
graver front being carri'^ level with the plate, and render 
the firokes not fo dean. 

Of laying the Dejign upon the Plate. 

The plate being polifhed fmooth, is to be heated, fo as 
to melt virgin wax, with which it is to be rubbed thinly 
and equally all over, and fuffered to cooU The defign to be 
laid on niufl be drawn on paper, with a black lead pencil^ 
and laid upon the plate, with the pencilled fide upon the wax ; 
it is then to be preficd clofe to the plate, and rubbed over 
every part with a burnifhcr. Then taking the paper off the 
plate, evCTy line drawn with the black lead pencil will 
appear upon the wax, which are to be traced through the 
wax upon the plate with a (harp-pointed tool. The wax 
being taken off*, the plate is to be engraved^ 

Of whetting and tempering the Graver. 

Great care is required to whet the graver nicely; for 
which purpofe, the two angles oi the graver, which are to be 
held next the plate, are to be laid fiat upon the (lone, and 
rubbed (leadily, till the belly rifes gradually above the plate, 
(o tliat, when the graver is laid upon it, the light roay be feen 
under the point ; if it be not whetted in this (hape, it will dig 
into the coppery and it will be impoffible to prevent the 
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point from breaking. In order to whet it, pltce the fore- 
finger of the left haod upon the graver, and rub it firmly 
upon tiie (lone : then, to whet the face, pfaice the flat part 
of the handle in the hoQow of the hand, with the belly of the 
^ver upwards, upon i moderate flope, and rub the ^ce 
tipon tlie (lone till it has a very (harp point, which may be 
tried on the thumb nail ; obfenring t^tthe (lone be fupplied 
with oil. 

When the graver b too hard, fhe point wiK frequentlr 
break ; it mud therefore be tempered, by holding it upon a 
red hot poker, within half an inch of the point, till the (led 
change to a ligKt draw colour ; then the point is put into oit, 
to cool it ; or elfe, hold it clofe to the flame of a candle till 
it change colour, and cool it in the tallow; but if it be 
heated too much, it will turn blue ; it is then too foft, and 
mud be tempered again. Sometimes a little whetting will 
bring it to a good temper. 

The dry point, or needle, is now muck ufed in engraving, 

and is a tool like an etching point, which being drawn hard 

on the copper, cuts a more foft and delicate ftroke than can 

be made any other way ; and the burr which k raifes is to be 

-fcfaped off. 

All the art of engraving confids in the propei ufe of the 
graver, and dry needle; for which thereare no certain rules 
to be given, as the ultimate fuccefs of the artift depends prin* 
cipally on his genius. However, a few general ob(enratioQS 
may not he improper. It need hardly be mentioned, that 
the perfon wlio attempts engraving,, (hould be a good mader 
of defign, and well acquainted with both perfpedive and 
archite6lure : by which he may be enabled to throw back 
the figures and obje^ls he de(ignsto imitate; andtopreferve 
the due proportion of the feveral orders. 

The i)late being placed on the cudiion^ the graver rauft 
be held in the hand in a proper manner, and nnoved in the 
proper dircdions for producing the iinet intended, obfenring, 
In formuig draight Hnes, to bold Uie plate flcady on the 

culhion^ 
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culhion ; preffing more lightly^ where they are to be fine, and 

kahiQg with greater force, where they are to be broad and 

deep. In making circular and curve lines, turn the'platt 

upon the cuiliion againfl the graver. Afifer fome of the 

work is done, it is neceflary to fcrape off the roughneft 

formed by the cutting of the graver, which is done witk 

the fcraper : or pafEng the graver over the plate in a level 

direftion, taking care that it does not catch the copper. To 

render the work more vifibie, it may be rubbed over with a 

roil of felt dipped in ''oil. It is necelTary to learn to cany 

the graver as level as poilible with the fur£ice of the plate ; 

for otherwife, if the fingers flip betwixt them, the line that 

is produced will become deeper and deeper in the progreff 

of its formation, which will prevent making a flroke at one 

cut, that will be fine at the extremities, and larger in the 

middle ; and renders it neceflarv to retouch it. Therefore 

It is neceflliry to acquire the habit of making fuch ftrokes, 

both (Iraight and curved, by lightening, or preifing, the hand^ 

according to the occafion. And when the defign is finiflied, 

if any fcratches or falfe flrokes appear in any part' of the 

plate, they muft be taken out by the buruiflier. 

In order to preferve a due equality in the work, the prin* 

•ipal obje£ls of the defign fhould be flcetched out, before 

any of them be finifhed. In working with the graver, the 

ftrokes fliould never be crofTed too much in the lozenge 

manner (panicul^rly in reprefenting the flefh of the human 

body), except in the cafe of a cloud, waves of the fea, the 

icins of animals covered with hair, or Ihe leaves of trees^ 

'where this method of crofling may be admitted. In the dif- 

pofition of the ftrokes, the a^ion of the figures, and the 

difpoAtion of their parts, (hould be confidered; and alfo the 

manner in which they advance towards, or depart from, the 

eye of the obferver. The graver fhould be fo guided, as tp 

mark the rifing or cavities of the mufcles, making the firokc» 

wider and fainter in the light, and clofer and bolder in the 

'(hades. Thus, the hanS (hould be ligbtcpcd in fuch a 
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miiinery that the outlines may be forniedy and terminnted, 
without being cut too hard ; and though the ilrokes brealL 
oflT wbere^ tlie mufcle begins, yet they ought always to have 
a connexion with each other, and in fuch a manner, that 
the firA ftroke may, by its return, ferve to make the fecond, 
which will fliow the freedom of t|ie graven 

To produce rbe effeA, in engraving the flefli-of any figure, 
in the lighter and middle tints, round dots, with long pecks 
of the graver, and fometimes a few faint lines, may be ju(fi* 
cioufl^' iiitfrmixed. In engraving the hair and beard, the 
chief I'h.Ailes urc firft (ketched with a few firokes, which 
may be afterwards finiihed with finer ftrokes towards the 
extremities. 

In the reprefentation of edifices and large buijdingty 
which are goneraily of (lone, the work fhould not be made 
▼ery black, becaufe the colour does not produce very dark 
ihades. In imitating fculpturc, the hair of the head or 
beard muft not be reprefented flowing, as in nature, becaufe 
it cannot be fo in fcnlpture. Neit!ier mufl white points be 
put in the pupils of the cycs^ as it is in [tainting. 

In engraving the drapery of figures, regard fhould be had 
to the different kinds of ciotln'ng ; linen fhould be done with 
finer and clofer lines than other forts of drapery, and be exe« 
cuted with fi ngle firokes. Woollen cloth fliould be engraved 
wide, in proportion to the coarfentfs, and with only two 
(Irokes ; and when the firokes are crofTed, the fecond fhould 
be kfs than the firO, and the third lefs than the fecond. 
Shining (luffs, filks, and faiin produce flat broken folds, and 
fliouId be engraved more hard and flraight than others, with 
one or two firokes, according as the colours are bright or 
brown ; and the firft ftroke^ fliould be interlined with fmaller 
ones. Velvet and plull) are alfo expreffed in the fame manner. 

Metals, as annour, &c. are alfo reprefented by interlining 

by clear fingle firoke*:. In architecture, the flroke^. which 

form the rounding objed fhould tend to the point of fight; 

and when columns occur, it is proper to produce the effe^ 
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by perpendicular ilrokesl When a grofs ilroke is made, it 
fliould be at right angles, and wider and thinner than the 
tirft (broke. In engraving mountains, as there are (harp and 
craggy objefts, the (b-okes (hould be frequently broken ; 
they (hould alfo be ftraight, in the lozenge manner, and ac- 
companied with long points or dots. Rocks have fome croft 
ftrokes in them more fquare and even. DiOant obje6ts to- 
wards the horizon are very (lightly (haded, as in drawing. 
Calm, flill waters (hould be reprefented by (Iraight ftrokes, 
parallel to the horizon, and interlined with finer tlrokes ; 
•outting thofe places where the light cafts a fliining reflec- 
tion ; and the forms of obje^s reflected from the w?.icr at a 
fmall di(buice upon it, or on the banks of the water, are 
txprtfftd by the fame ftrokes, retouched more ftron^ly or 
£untly, as it may be neceftary : agitated waters, as tlie u*avr9 
fif the fea, have the firft ftrokes in the figure of the waves, 
and are interlined ; and the crofs ftrokes (hould be very lo- 
seoge. The firft ftrokes in cafcades (hould follow the fail 
of the water, and be interlined. In clouds, that appear 
thick and agitated, the graver muft be turned every way, 
according to their form and agitation. In dark clouds, 
where two ftrokes are neceftary, they fhould be crofted more 
lozenge than the figures, and the fecond ftrokes (hould be 
rather wider than the firft. The flat clouds, that are infen* 
fibly loft in a clear (ky, (hould be formed by ftrokes parallel 
to the horizon, but a little waving; if fecond ftrokes be 
required, they (hould be more or lefs lozenge, and ftiould be 
fi> lightened at the extremities, as to have no outline. The 
flat and clear (ky is reprefented by ftrokes parallel and per- 
tly ftraight. 

In all landfcapes, in general, the trees, rocks, earth, and 
herbage fliould be etched as much as poftible, leaving no- 
thing to be done by the graver, but the perfe6ting, foften- 
}ng, and ftrengthening. And obferve, once for all, that the 
dry needle produces a more delicate effect, and may be ufcd 
f9 noucb grpuqr advantage xl^n the graver can, panicularly 
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be neatly imiuted^ if a plate be provided for every colour. 
Aud if it be well done, it will form (uch a good deceptk% 
that an able coonoiileur cannot, from the firfl infpedioo^ 
di/>ioguiQi between the original drawing and the engraved 
imitation ; therefore, this mode of engraving is very ufefat 
to multiply copies of drawings left by indent anifts who 
excelled in the ufe of chalks. 



SECT. IV. 



OP MEZZOTINTO AND AaUA-TINTA SCftAPINO. 



Mezzotinto prints have no hatches, orftrokes of the 
graver ; but the. lights and (Itades are more blended together 
than in etchings and engravings, and appear like a drawing 
of India ink. 

This art is of late invention, but is greatly ufed, and is 
admired for the amazing cafe with which it is executed, 
particularly by perfpns who are deficient in drawing. 

The principal tools ufcd in this art, befides thofe ufed in 
etching and engraving, are the grounding tool and the fcraper. 



General Dire&ions for laying the Mezzotinto Ground* 

Leave a i^ce upon the bottom of the plate for the writing 

coat of arms, &c. then, laying the plate upon a piece of fwan- 
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Ikio flannel, hold the grounding tool in your haiid peipeii- 
difluhrly upon the plate, leaning upon it moderately hard ; 
then rock your hand in a right line from end to end, and 
continue the rocking, till the plate be wholly covered wick 
the marks of the tool in one diredion : next, work the tool 
in the fame manner acruft the former ftrokes ; and laftly^ 
work the tool from one corner of the plate to tbeoppofite 
corner, ufiiig all poffible care, not to let the tool cut twice 
in a place in the fame dircAion. The plate will now be full ; 
or, in other words, all rough alike ; and if an impfcffion were 
uken from it in this iUtCi it would appear per/ie6Uy black. 

The ground being laid, as above, with a piece of rag, rub 
the fcrapings of black chalk all over tlie plate ; or with the 
flame of a flambeau, or candles, fmoke the plate as before 
direfled in Etchiiiv. 

Then take the print or drawing, and having rubbed the 
back of it with red chalk duH, mixed with white lake, pro- 
ceed to trace it on. the place with a blunt needle or traccrt 
tracing only the outlines. 



DireciioTis for /craping the PiBure. 

With a fcrapcr, fcrapc off the lights, m eVery part of the 
plate, as clean and fmootli as poffible, ami m proportion to 
the (Irength of the lights and fliades, in the original ; fcraptog 
but very little and very lightly in thofe parts where the (hades 
run deep; and fcraping more where the (hadesrun lighter. And 
where there is to be no (hade at all, the plate it to be fcnped 
quite fmooth, uiing great caution not to hurt the outlines, Iq 
the operation. A piece of tranfparent paper may be bekl is 
the left hand, flo|Mng juft over the right liand^ by which the 
artift will better fee the different tints of the work. 

The extreme light parts, where there it no fbad^ at the 
tip of the nofci fbrehead| {uid that psft of the lioeiit Jic 
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where there is not to be any (hade, are to be foftened or rubbed 
down with the burniiher, otherwife thefe paits will act ip« 
pear clear, whco the work is proved. 

There is alfo another method, ufed by mezzotinto fcrapet^t 
which is, to etch the outlines of the original, with all the 
folds in the drapery, 8cc. marking the breadiHs of the fliadows 
by dots ; then having ufcd the aqua-fortts, as in etching, and 
the ground being taken off the plate, the mezzotinto ground 
is to be laid, and the work finifhed by fcraping, as above. 

When' the work is to be proved, it is neceflary to have fome 
French paper, which has been wetted down four or five days, 
as no other paper will do for (his work, and it is neceiHiry 
for it to lie wet that length of time. A proof is then to be 
taken of the plate ; when the proof is dry, correct it, b^ 
touching it with white chalk, where it ihould be lighter; 
and with black chalk, where it (hould be darker. In re* 
touching the plate, proceed as before, where it (hould be 
lighter, by uiing the fcraper; and where it (hould be darker 
ufe a fmall grounding tool, as much as is thought necdTiry 
to give it its proper (hade. Then it is to be proved again, 
and again correded and retouched; and dius proceed t6 
prove, and retouch it, till it be fini(hed« 

It is to be obferved, that the w(9rk (hould be proved the 
firft time, before it is the leaft over-fcraped in any part; ni^ 
by this caution, it will appear mort elegant ; for the fmali 
grounding tool, which is ufed to deepen any (hades that are 
ov^-fcraped, generally gives the work a coarfe appearance. 



Of Aqua-tinta Scraping. 

Aqua-tinta is that method lately invented of etching, by 
which a foft and bcautifol (hade is given, refembling a 
drawing in water colours, or India ink. 

' The (nnncipiil operation is as follows : the etching ground 
is to be laid on the plate, as in common etching, and the out* 
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lines of the defign etched thereon, as direded belore in 

£tching ; the ground is tlien to be foftened with t little greafe, 

which muft again be wiped off with a rag» but leaving as much 

grcafe on the plate, as to take off the glare of the copper. 

Then upon the plate mud be iifted through a fine fievc, the 

powder, which is made of equal parts of afphalcum, and fine 

tranfparent refin; after which flrike the fide o£ the plate 

againft the edge of the table, in order to (hake off any loofe 

powder ; then hold the back of the plate over a charcoal fire, 

till it brcome fo hot, as to give pain, upon being lield on the 

back of tlie hand, and the powder, which adoered to the 

greafy furface of the plate, will now be fixed thereon. When 

the plate is cold, with a huir-ptncil dipped in turpentine 

varnilh and ivory black, cover all tlie lights in the plate, or 

the pbces where there is no fliade : raife a border of bees- wax 

jround the plate ( and having reduced the aqua-fortis to the 

proper ftrength by vinegar, or water, })our it on the plate, 

and let it ftarfd five minutes for the 6r& or lighted (hade ; 

then pour it off, and having wadded the plate with water, fet 

it on its edge to dry. Then i^gain, with the vamilh, flop 

up the next lighter Ihades, and pour on the aqua fortis for 

the fecond tint, letting it (land five minutes more. Proceed 

in the fame manner for every tint, till the darkeil^ades are 

produced. If a bold open ground be wanted in 'any part, it 

muft be effected by an after* operation; for which purpofe, 

the ground muft be laid on as the other, by fifting on the 

powder ; but in this procefs the powder is much coarfer, and 

the plate mud be more heated, in order that the particles of 

the powder may fpread, and form fmall circles : even good 

refin alone wili do for this. 

In etching landfcapes, the fky and difhint objeds mud be 
etched by a fecond operation, and the powder ftiould be fome- 
whai finer. When any part of the fore-ground requires to be 
higher finidied, or when there are trees, &c. tbe plate mud 
be entirely cleanfed from the greafe by bread, and a ground 
kid, as in common etching : then it noay be tnilbed as highly 
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as requifite, with the needle or point, t^ fltppling with dots, 
and biridg up thofe parts ; or by a rolling wheel. 

The foregoing method will only ferve for prints of oAc 
fingle tint. When different colours are to be exprcfled, there 
muft be as many different plates; each plate having only that 
part etched upon it, whichis defigned to be charged with its 
proper colour, unlefs (as fometimes happens) fome of the 
colours are fo diftant from each other, as to allow the printeJr 
room to fill them in With his rubber, without blending them ; 
in which cafe, two or more different colours may be printed 
upon the fame plate at once. \Vhen different plates arc re- 
qulfite, there mufl be a feparate one, having a pin in each 
corner, to ferve as a fole or bottom to the aqna-tinta plates; 
^ and the aqua-tinta plates muil be exactly fitted, having each 
a fmall hole in their corners for paffing over the pins of the 
fole; the pins retain the plates in their due polition, and 
alfo dire^ the printer in placing the paper cxa£i\y on each 
plate, fo as not to (hift ; by which means each tint or colour 
will be exa^ly received on its proper place. This is the 
method pra^lifed by the Paris |Tintcrs. Some fubje(5li, how- 
ever, fuch as landfcapes, may be printed off at oncc in tliC* 
different proper colour?, by painting thefe upon the plate. 
Here the colours muft be pretty thick in confiftence, and 
the plate carefully wiped in the ufual way, after layii:g iu 
each lint, as well as wiped in general, when it is charged 
with nil the tints. 

In aqtiatinta plates, it muft be obferved, that the afplial- 
tum and refin muft be finely powdered, and well incorporated 
together, before they be (ifted on the plate; for this purpofe, 
it is neceflary to lift each of them through a fine muflia 
ficve, lifting firft a layer of one on a flicet of paper, and 
then a layer of the other ; proceeding in this manner till the 
whole be finely (ifted, and well incorporated together. , 

This art has been hitherto kept as fecrct as polfible ; but 
a ftrift attention to what has been delivered wilj enable the 
pradVitioner to finifh his plate with fuccefs. 
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Another method of etching in aqua-tinta is the following : 
—Having prepared the copper-plate as before dirc£kecl, for 
etching, witlt the etching-ground laid upon it| etch the out* 
lines of the dedgn ; then take the ground off, and dean the 
plate pcrfe^ly. This being done, fprinkle fome gum fandrach, 
finely powdered, very thinly andwenly over the plate ^ then 
warm the plate jud fufficient to fallen the gum upon it ; but 
great caution is requifite that the plate be not fo hot as to 
melt the gum ; if it be, the gum mufl be takeu oflF» and the 
operation repeated. When the plate is cold, with a inuW 
brufh pencil, dipped in fpirits of liitre, go over every part 
that is intended to be (haded, for the firft time. This ope- 
ration is to be repeated as often as is neceflary, to bring the 
ihadows to a proper depth. And, N^te^ if the ^nts be 
too ilrong, they may be diluted with a little water. 

It is by this method that Mr. P. Sandby finiihed fome ex- 
cellent prints, which have been greatly admired by the befl 
judges of the art. 



SECT. V. 



OF CRAYON PAIKTINO. 



Of the Materials neceffary for Crayon Painting. 

To execute a pi^ure w^h fucccfs in crayon painting, it is 
abfolutcly ncceflary that the cnyons (hould be fofit, otherwife 
the artift will fail in his performance ; therefore the greatefl 
care (hould be obferved in preparing them, to prevent their 
bf ing hard. And in all compofitions of colours for crayons, 
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fbke white and white lead (hould be wholly avoided, as the 
fligbteft touch with either of thefe will always turn blacky for 
the(b whites will (land only in oils. Therefore, when white 
is required, I would recommend the (ludent to make ufe of 
common whiting, prepared in the following manner : — 
* Put fome whiting in a large veiTel of water, mixing them 
well together; when this has (lood about half a minute, 
pour off the water into another veflel, and throw the gritty 
fediment away ; after this water has reded about a minute, 
pour it off as before, which will purify the whiting from all * 
dirt and gnttinefs. This being done; let the whiting fettle, 
and pour the remainder of the water from it ; after which 
lay it on the chalk to dry, and when dry, it will be fit fur 
ufe ; either for making white crayons, or for preparing tints 
with other colours. And, AW, if the (ludent make the 
crayons of the whiting immediately after it is wafhed, it is 
not neceflary to dry it on the ciiaik ; for it may be mixed 
with any other colour inftantly, whereby much trouble will 
be faved. All colours of a heavy or gritty nature?, patticu- 
larly blue verditer, mud be wafhed in this manner. 

The ftudent mud be provided with a large flexible {>allet^ 
knife, a large (lone, and muller, to levigate the colours ; two 
or three large pieces of chalk, having large fmooth fiirfaces, 
to abforb the moiflure from the colours, after they are levi- ' 
gated ; and a piece of flat glafs, to prevent the moiflure from 
being abforbed too much, till the colours are rolled into 
form. Thefe implements being, provided, the (ludeot may 
proceed to form his crayons from the following cotours : 

Reds are formed either from carmine, lake, or vermiHon, ' 
or a compofition of two or more of them ; though it mull" 
brobfenred, that it is difficult to procure either good cair- 
mine or lake : good carmine is inclined to the vermilion tint, - 
and fliould be an impalpable powder: a good lake (hduTd'' 
inqline to the cannine tint. 

The carmine crayons are prepared by fnixihg a fufflcienC 
quantity of good carmine with fpirits of wUie with the levi- ' 

gsuing 
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Like crayons are ibcnewbat difficult to fbrni^ on account 
of the harlbnefs of tbc lake, therefioie theftident (houU db* 
ierve die fbUowing rules in the fermatioaxyf tbeiecrayons^-«- 
Take about half the quantity of the lake intended for die 
cnymit, and grind it very fine in fpirits of wine ; wlien dry^ 
pulverize it ; and take the other half, and grind it with fpirits 
of wine ; after which, mix it with the pnlverized kke^ and 
lay it out diredly in crayoni on the chalk : this colour will 
not bear rolling. The fimple colour being thus prepared, 
proceed with the compound crayons, as before direfted in the 
carmine crayons, and in the feme degree of gradation. 

Vermiljon crayons are formed by mi^dng the vermilion on 
the fione widi the fpirits of wine, or even foft water; after 
which it may be rolled into crayons. The di£ferent tints are 
produced by mixing the fimplecolour with whiting, accord- 
ing to the proportions given in the carmine. And, N^te^ that 
Ihefe crayons will fometimes be fo foft, that they cannot be 
held in the fingers, but will break, and return to powder : 
which may be remedied by mixing the colour with fome 
thin wa&r-gruel, well ftraincd, which will ^ve it fufficient 
cohefiop. 

Blues are formed of Pruffian blue, and blue verditer. 

Pruffian blue crayons are formed in the fame manner as 
the kke crayons : but as the Pruffian blue is very apt to bind, 
it is fomewhat more difficult to be foftened than either lake 
or carmine. It is neceffiury to grind a large quandty of this 
colour, as it is chiefly ufed in draperies. The diffinent tints 
noay be made according to the fancy of the painter. 

Blue veiditer crayons are fomewhat more difficult to form, 
on accovnt of the coarfe gritty nature of the verditer, which 
requires fbme binding matter to unite it, otherwife it will 
never 'adhere together. Therefore, to a quandty of Uue 
verditer, fufficient to form two or three crayons, muft be 
added a litde fifted phOcr of Paris, about die fiae of a pea: 
tbefe are to be mixed well tog^her, and tl^ crayons fonqai 
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iipoVi (he chaHt, tbe btdc ireraite^ iM^g Arft wdl wited. 
TMs h a ¥«f)r Mfirnt bhMv 'ik^ it «M ra go^d tfiiea In 
hd^dleniiig dhiperieSi frc. The dtCmm HntB are fermiil 
by whitittgi a* belbre direaed ; and art very ufefbl to pnv 
dace thofe petriy tints \n -painting flelh, fo much adadRd ia 
crayoh piAores. ComnHNi vatr r will be fiiffickiit lo mia 
thefe cf«jon». 

YeUnot are fomncd of ye)h»w echre, kiag*s ycUeiw, and 
Naples yeHow. 

The k!ng*s yellow crayons are formed by tevigating whh 
fpirits oi wuie, and formtng the different riots witfa wbkingt 
as in the carmine crayons. 

Good yellow crayons may alfo be formed with jrrilow 
ochre, and Naples yellow ground with fphdh of winei which 
may alfo have their different tints. 

Orange crayons are produced by a mixture of king's yet« 
kw and vermilioni ground together with fpirtls of urine ; 
and the tints formed as in other cafes. 

Greens are formed by a mixture of yellow and bloe^ fa 
different proportions ; but btiiiiant greens are produced with 
great difficulty^ and are therefore generally procured of thofe 
whofe bufinefs it is to prepare them. 

Good green crayons are formed feveral ways t i. By grind* 
ing yellow ochre iri fpirits of wine, and mixing it with 
Pruflian bine ; then tempering it with the knife, and bying 
the crayons on the chalk without rolKng them. — t. Ktng> 
yellow, mi^ed with Truffian blue. — 5. Arown ochre and 
Pmffian blue. — 4. Roman ochre aiid Fruflian blue, mixed k 
different proportions, will alfo be found very defol, as Ihey 
may be rolied. Various tints may be produced by die 
foregoing crayons, to p.irtake more or lefs of ftt Uw! or 
yellow, as found necefBuy. 

The brilHant green crayons are abfohitely tfece flkr y to 
complete the ftudent*s fe^; but in the crayons ptocui f d 
from the Iho^ there is generally a mixture of ftakt whiter 
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particularly in the ligfit green oocs, which will turn black 
OQ the pi6tureS| if the lead damp come to them : though the , 
dark colours will remain perfect. 

In order to difcover whether there be any flake white in. 
the crayons, the following experiment may be'mode : having 
bruifed the crayon to a powder, mix it with an e(|ual quan* 
tity of charcoal dufl ; put the whole into a crucible, which 
mud be placed in a fierce 4re till the charcoal duil be con- 
fumed ; and if the crayon have any flake white in it, the lead 
will return to its original metallic ftate. 

Brvwu are originally produced from Cullen's earth, or 
umber. 

CuUen's earth crayons are of a fine dark brown, and 
feveral rich tints may be produced from a mixture of this* 
colour with carmine^ in various degrees : alfo, this colour ^ 
mixed with black and carmine, makes uieful tints for painting 
the hair. Several gradations may be made from each of theft, 
by a mixture whh whiting. Roman and brown ochne alio 
form an excellent colour, either mucd together, or com* 
pounded with carmine. Whiting, tinged in feveral degrees 
with either of thefe, will prove very ferviceable. Comrodn 
iea-coal, ground to a flne powder, and mixed with carmine^ 
forms a very fine brown. 

Umber crayons are formed in ^be fame manner i|s the 
above ; but it is oeceiZary to levigate the umber with fpirits 
of wine. 

Purples are formed by a mixture of blue and red» Good 
purple crayons may be formed with Pruifian blue, ground 
with fpirits, and mixed with pulverized lake. Alfo Pruffian * 
blue and carmine produce a deep purple of an excellent hue. 
From either of tfaefii compounds various tints may be made, 
by a mixture with whiting. 

Black crmjmu are formed of lamp bbck, as no other Ml 
black can be ufed with (afoty, ail others being fubjeft to 
miklew. But as lamp black is liable to great adulteiadon, 
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the ftudent will find* it oonvei^nt to prqMure it Mmfelf ; as 
foUows: 

Fix a tin cone over the fbune of a lamp, at fach a height 
diat the flame may juft reach the cone, for the foot to gather 
within It. When a fufficieut quantity of foot is colleded, 
take it out, and bum all the greafe from it in a cnidble. 
It mud then he ground with fpirits, and laid upon chailc to 
abforb the Qioifture, when it may be rolled into crayons. 

Greys are formed of a mixture of lamp bbck witii whiting, 
with which a variety of dnts may be made. A yery good 
blue black b alio formed by bhck chalk finely ground. 

Beiidcs thefe cok>urs, there are a variety of compound 
colours formed from two or more of the foregoing fiiU 
colours, as carmine and bhick, which form a good com- 
pound, of which five or fix gradations (hould be made; 
fome partaking more of the black and others c^ the car* 
mine; befides feveral tints formed by a mixture with 
whiting. Cinnabar and black form another very uiefol 
compound, wluch has all its different tints. Black and 
Pruilian blue alfo form a compound very uieful in painting 
the drapery. 

Note^ The Cullen's earth, yellow, brown« and Roman 
ochre, Naples yellow, umber, black chalk, and fea-coal duft, 
ihould all be well ground, and wafhed with boiling water ; 
otherwife they will injure the pifture, as th^ are apt to 
throw out a white kind of fait. 

Of rolling ike Crmjon9. 

The colours being prepared, as above direfted, thr com- 
pofitioi) muft be cut into a proper magnitude^ io order to be 
rolled into pafiils. The crayon ihould be formed in the left 
hand, with the ball of the middle finger of the right hand ; 
firil formed cyliudrically, and then tapered at each end. If 
|he compofition be too dry^ dip tb? ^g<ar in water; and if 
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too wet it mud be laid upon tb^chatk again, to abibrb 
more of the moiihire. They (hould be rolled as quick as 
poffible; and when finifhed, mud be laid upon the chalk 
again to abforb the remaining moifture. «.> When all the 
crayons of one colour are formed, the cha)k and grindky 
ftone fhould be well fcraped, and waihed with water, before 
they are ufed for another colour. 

When a iet of crayons is completed, they (houkl bf 
ranged in fome thin drawer, divided into a number of par- 
titions, and difpofed according to the feveral gradations of 
light. The bottom of the partitions (hould be covered with 
bran, to preferve the crayons clean, and prevent them from 
breaking. 

The box in which the crayons are placed for uie,- and 
which (hould be held in the lap when the (Indent paints^ 
, fliould be about a foot fquare^ having nine partitions. In 
the upper corner, on the left hand, the black and gjeay 
crayons are ufually placed, as they are the mod feldom ufed \ 
in the fecond partition are placed the blues ; in tha(||{iird 
the greens and browns ; in the fird partitipn, on the^kft 
hand of the (econd row, the carmines, lakes, vermilions, and 
all deep reds are depofited ; the yelbws.and orange are in 
the middle partition ; and in the next are placed the pearly 
tints, which, being of a delicate nature, muft be kept very 
clean, that the different gradations of colour may be eafily 
dKtinguiihed : in the laft row, the firft partition contains a 
piece of linen rag to wipe the crayons with, while they are 
u(ing ; the fecond partition hold^ the pure lake and vermilion 
tints; and the laft partidon contains all thofe compounded 
. tints, which cannot be chi(red with any colour. 

Dhre&i&nsfor the ArtifL 

To arrive at excellence in this art, the ftudenf (hould be 
as particular in the outline of the work, as in the difpofid 
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#f Us colours I for h a mrf ci jufi the colourtng imv be, if 
the work be deficient in fymmetry and propordon, it will 
dbibit nothing but a glaring deformity. 

The fiudent t^ng provided with fome ftrong blue paper 
(Ihe thicker the better), he is to level all ihe knofc in it with 
a penknive or razor ; then the paper mud b^ pafted very 
finooth on a linen cloth, which is prerioufly ftrained on a 
ieal frame ; on this the pi6lure b to be executed : but the 
fubjeA (hould be firft dead coloured, as it is called. The 
manner of doing this is as follows : lay the paper, when dead 
coloured, on its face, upon a fmooth board or table ; then, 
with a brulh, cover the back fide of the paper with paite ; 
the franne, with the ftrained cloth, mufl then be lud on the 
pafte fide of the papef, after whi^h, turn the padnted fide 
dppermoft, and hiy a piece of clean paper upon it ; then, by 
ftroking it gently with the Innd, all tiie air between tho 
cloth and the paper will be expelled. 

By pafting the paper in the frame, the crayons will adhere 
to iriliuch better than in any other way, and the ftudent will 
be able to give a firmer bodjr of colour and greater lufhr to 
Ui pkee. The ihident is, however, not to proceed with 
Ae painting, till the pafie be perfectly dry. 

To take a corre& Copy (^ a PiBwr^ 



Take a piece of tiffany or black gauac^ ftiained tight ob 
a fraoie, which lay upon the pifture to be imitated^ and 
with a piece of (ketching chalk trace all the outliuei of the 
piece on the tiffuy or gauae : then place the liffiuiy with 
the chalk line^ upon it upon a piece of canvas, rubbing it 
over with a liandkerchief, in order to make the chalk Hnes 
upon the tiffany adhere to the canvas; and there will be an 
exaft outline of the piAure upon the canvas. This is the 
inethod generally ufed by paintersi and anfwen very well 

when 
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whcQ the fobje£b to be ixiutated is in oils ; but if it be « 

cr^on pi^ure, the following method muft be u&d, on sy>' 

count of the glafi. ,..*''*^ 

The pi&ure being placed upon theefel, draw all the out- 

Sues upon the glais with a (mall camd's hair pencil^ dipped 

in lake, ground very fine in oils; then take a (heet of paper^ 

and place it on the giaifs, firoking over all the lines with thft 

hand, by which means the colours will adhere to the papery 

which is then to be pierced with pin-holes pretty clofe to 

each other in all the outlines. The paper intended for the 

drawing is then to be hid upon the tables and the pierced 

paper to be laid upon it; then, with fome fine powdered 

charcoal, tied up in a piece, crf^ lawn, rub over all d» pierced 

outliiies, which will give an exad outline of the piece, upon 

die paper under it. This is not to be bruflied off till the 

whole is drawn over with iketching chalk ; which is a com** 

pofitioQ made of whiting and tobacco-pipe clay, rolled like 

a crayon. 

But when the ftudent paints immediately from life, it is 
beft to make a corre6t drawing of the outlines on another 
paper, which he may trace by the firil method : for if there 
be any &lfe ftrokes of the fketching chalk, they will preveat 
the crayons from adhering to the paper. 

The fitting pofture is the moft proper for painting with 
crayons, having the box of crayons in the lap. That part of 
the pi^hire which the ftudent is at woiic upon, fhouM be 
below his fiu:e; forwhen it is placed too high, it will fatigue 
the arm. The windows of the room, in which the artift 
works, ihouM be darkened to the height of fix feet from the 
gnmnd, and the fnbjtCt to be painted ihould be fimtfed ht 
fuck a manner, that the light may M on the face to the 
greateft advantage^ avoiding too much fhadow, whtdi fe(dom 
hasa good tStSt in this kind of painting, particularly if the 
face have much deBcacy* 

In painting, as well as drawing, the fhidetit cannot be 
too attentive to the fubjed ; he muil alfo learn to appro- 
priate 
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prittc the a^on or Attitude to the fubj<:6t ; thus, if it be a 
dilM, let th^ aftion or attitude be chiidi(h ; it a young fe- 
niak, let the figure eipreft more vivacity than in the (latelf 
beauty of a middle-aged woman ; while a perfon far ad- 
^ranced in years, (hould have a greater degree of gravity* The 
•mbeUiibmeuts of the piece, and the introdudion of birds^ 
iowers, animals, &c« ihould be regulated by the rules of 
eenfifteacy and propriety. 



Of the Features of the Puce. 

* 

The fntures of the face being carefully fketched with 
dialk, the fiudent muft firfl carefully draw the no&ril and 
edge of the nofe next the fhadow, with a crayon of pure 
carmine ; then, with the faintefi carmine firfl, hy in the 
ftrongeft light upon the nofe and forehead, which muft be 
executed broad. He is then to proceed gradually with the 
fecond tint, and the fucceeding ones, rill he arrives at the 
fliadows, which muft be covered brilliant, enriched with 
much lake and carmine, a little broken with brilliant green. 
Thefe colours will be a good foundation towar%is pnxf ucing 
a plealing cffc6t, when the piece comes to befiniftied ; though 
at firft they will rather offend the eye from thdr crude ap- 
pearance ; for colours are more eafily fullied when too bright, 
than raifcd into a brilliant ftate when the firft colouring b 
too dull. Thofe pearly tints, difcernible in fine complexions, 
tnuft he in)itated with blue verditer and white, which anfwers 
to the ultramarine tints ufed in oils : but when thefe pearly 
tints are ufed in the (hade, the crayons compofed of black 
and white muft be fubftituted in the place of others. And 
it muft be obferved, that though all the bct^ when firft 
coloured, ihould be laid in as brilliant as pofliblei yet each 
part ihould be kept in its proper tpQC^ which will preiervc 
the rotundity of the pifce. 

4 Wbateror 



V . . . • • f \ 



'• ' .11 



* OF DRAWING* 44I 

Whitever colour rhe iris of the eyes is, the eyes muft be- 
fifft drawn with a crayoOf inclined to the carmine tint ; the 
colour muft be hud in brilliant at firft, and executed lightly, 
fiot meddling with the pupil yet. The light of the eye 
flMuld iodine very much to the blue caft ; for if a flaring 
•white i^>peannce is once introduced, it can fcldom be altered : 
abroad fliadow ihould alfo be thrown on the upper part by 
the eyelalh. The eyebrows (hould be executed at firil like 
a broad glowing (hadow, on which is to be painted, in the 
finiihing, the hair of the eyebrows, by which the former 
tints will (how themfelves through, and produce a pl^fing 
efTedk ; but a black heavy tint is always to be avoided in firft 
forming the eyebrows. 

The lips ihould be begun with pure carmine and bke, 
fiiading them with carmine and black, and laying on the 
firong vermilion tints afterwards. Great caution is necef- 
fary to avoid ftifF, harfh lines : each colour is to be gently 
intermixed with the neighbouring colour ; the fhadow be- 
neath ihould be broad, and enriched with brilliant crayons ; 
The comer of the mouth is formed with carmine, brown 
ochre, and greens, varioufly intermixed. If the hair be 
dark, it is neceflary to ufe a good quantity of the hike and 
deep carmine tints therein, which may be eafily overpowered 
by the warmer hair tints, and which, as in the eyebrows, will 
produce a richer ^t€t when the piece is finilhed, than if the 
Jake and carmine be negleded. 

When the ihident hat dead-coloured the head, he is to 
fweeten the whole together, by rubbing it over with his 
finger, be|pnning at the ilrongeft light upon the forehead, 
and paffing his finger very lightly to the next tint^ to unite 
iStnem togttbitr ; which he muil continue to do» till the work 
is fwcetened together, frequently wiping his finger on a 
towel, to prevent fuUying the colours. In this procefs the 
ftudent muil be careful not to fweeten his pidure too often ; 
as that would produce a thin and fiamty effe^, and the piece 
WtfuU^ have monr of the appearance of a drawi^ chao a iblid 
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pa>ntingf is nothing but a b«K^ of riohooloiin-CAn.'fimluce 
a rich eflfecl. ThereforCy it is often necoflkry, in fwe8lciiiq| 
a |)i<^ui%y to rcpleniili it with motr crayon. 

Tlic head bdog brought to fome degree of perfMUoa, tke 
back ground is to be luid in. This mufl be perfontiod mi ^ 
diflferent manner ; for it is to be covered is thin m .poffifal^ 
and rubbed into the ptper with a leather ftiinipw NovUic 
face the paper fhouM be almofl free from colour^ irhkh will 
give the head and face a good appearance. Chiyons wbith 
have wh.*iiig in their compofition, fliould not be u(ed -in Xkk 
%ack ground, but with great caution : the beft -orayons for 
this uie are the moil brilliant and the lead iduUeratod. TThe 
ground (hould alfo be very thin next the hiir, wbereby the 
edge of the hair may be painted over it in the finifting 
touches. 

When the face, hair, and beck ground are eritirely cover- 
ed, the fiudent mufl carefully view the piece at fome diiUnoe, 
remarking in what refpe<Sl it is out of keeping, that is, whit 
parts are too light, and what too dark, marking particttlarfy 
thofe parts which '^havc a white or chalky appearance, wfaidi 
mud be fubdued with lake and carmine. 

The painting now will have the appearance of a painting 
principally compofed of three colours, viz. carmine, black, 
and white, which is the bdl preparation diat can enter into 
a compofition for producing a fine •orayonjndiiUT. 

The bnck ground and the hair are next to -be completed; 
Mr, if tlit; face be finifhed iiril, the dull in painting thofe 
will fall on it, and injureit. Mext, proceed to finxfli the foic^ 
head, finifhing each part in hs order, proceeding downwards, 
till the whole 'be completed. 

A great d'^l of fkill is required in forming the back 
ground ; though by young avtiits it i£ dicen negle^M; for 
a great part of the beduty and brilliancy oT the piece, por- 
ticnlarly the face, depends upcin the tin A ^being well fuitvd 
and a/lapted to each other, the dark;; being kapt in their 
proper -placci; and the whole being fmbUy Jubfarvient 10 
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the beauty of the face. This is requilite even in a fimple 
back ground, where there is but one object in the piece ; 
but more attention is required in the back ground of a pic- 
ture which, has feveral obje^s. 

A great variety of colours are ufe<^ for back grounds; bu 
they fhould always be fuited to tlir complexion of the figure. 
A flrong-colourcd bead generally fhould have a weak and ' 
tender-tinteil ground ; and, on the contraiy, a delicate qoni« 
plexion requires (Irong an^ powerful tints in the ground, by 
which proper conirail between the figure and the back 
(round, the picture receives great force. ^ 

But when fcv'eral obje£bare introduced into ot\e piece, ^ 
hills, trees, buildings, &c. the generid rule to be obferved 
is, that each grand object be difpofed fo, as to contrail each 
other, not merely in their forms, but in their colour, light» 
ihade, &c. For example; f:ippofe a figure in the piece, 
receiving the ftrongefl light, and behind this figure, and 
near at band, fuppofe there be (lems of fome large trees : 
thefe ftems muft bare (bade thrown over them, either from 
a driving cloud, or fome other interpoQng objed; behind 
thtfe (lems or trees,' and at a didance, fuppofe there are feen 
trees on a rifing ground ; thefe again fhould receive the ligbl^ 
whereby they will ferve as a contrail to the former ; and the 
fame may be obferved in all other cafes. The fame rule 
holds good in an archite£lural back ground ; as, fuppofe a 
building at a moderate diflance, and behind thif building, 
th« figure which receives the light ; a column, or fome other 
objeA in the (liade, intervenes to preferve proper decorum 
in the piece ; or, wliat will have the fame effe^^ a ihadow 
may be thrown over the lower part of the building. In a 
word, it muil be remembered, that the light mud be always 
placed againft the dark, and the weak againft the (Irong ; and 
vic4 virfa^ in order to produce force and effeA. 
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Offnijhing the Features. 

When the fciturts are to be finifhcd, the fereheMi is (d 
be painted over fhrft, and for the Uft time, beginning tlie 
higheft light with the moft faint vermilion tint, in the (ame 
phce where the ^nt carmine was laid at firft, and keeping 
h broad in the (ame manner. The next fliade fucceeding the 
ligHteft muft be worked with fome light blue tints, compofed 
of verditer and white, intermixing with them fbme of the 
dbper vermilion tints, fweetening them together with great 
oration. (This diredion, however, b only to be obferved 
in the fineft complexions, for the ftudent muft vary his 
colouring according to his fubjed.) Some brilliant yellbws 
may alfo be ufed fparingly ; and towards the roots of the 
bair it is neceflary to ufe ftrong verditer tints intermixed with 
greens. Thefe muft be followed with cooling crayons, com- 
pofed of black and white, which (hould gradually mdt into 
the hair. Pearly tints are to be preferved beneath the eyes, 
under the nofe, and on the temples ; alfo beneath the lips : 
the tints being compofed of verditer and white, mixing them 
with light greens and vermilions. 

It is neceifary to ufe greens and blues in the face, in this 
kind of painting (though it may appear ftrange to thofe un^ 
acquainted with the art), as they ferveto break, and coYre^t, 
the other coloun. 

In the dead colouring, the carmine (hould predominate, 
as that is the bed preparation ior the fucceeding tints ; but 
the crudenefs of this preparation renders it neceflary to be 
intermixed with greens, blues, and yellows; the degree, of 
carmine, and the complexion of the figure, will determine 
which of thofe colours are to be ufed. The blue and yellow 
are diametrically oppofiteto each other; therefore they fen'e 
to oppoie one another; and alfo to corred the reds; the 
greens, being compounded of botli colours, are of peculiar 
fervice, where the tranfition is not to be violent. 

I» 
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In finifhing the complexion,' the iludeiff (hould be par« 
ticularly attentive to Nature herfelf: for whoever carefidly 
examines a clear and tranfparent (kin, will difcover a plcsfing • 
variety of colours on the furface, and difccmible, through 
it, which will be greatly increafed by the efFe^ of Kght and 
ihade ; one part will appear to incline to the vermiiio% 
another to the carmine or lake, one to the blue, another to 
the green, and another to the yellow, &c. Now, in order 
to produce thefe effe As, a good artift will apply thofe coloun 
eorrefponding to the tints, ufing, as often as he can, the 
compounded colours inftead of the fimple colours; as, bhife 
and yellow^ inftead of green, blue and carmine, inftead of 
purple, and red and yellow for orange. In all other citcum- 
ftances the compounded crayons already mixed fhould be 
ufed ; but in this cafe no abfolute rule can be given ; the 
fuccefi of the piece depending upon the experience and dif- . 
cretion of the artifl. And, obferve, that it is impoffible to 
give any fet of rules for forming the complexion, that will 
h^Id in every cafe, the circumdances that require different 
treatments are fo many and various ; but great advantage will 
be derived, in the commencement of thb art, by an able 
mader,' to direft the ftudenr, and point out the deformities 
and beauties of a piece, as they occur in practice ; whicb| 
to a good capacity, will foon become clear and intelligible. 

In finifliin^ the cheeks, ufethe pure lake tint, which will 
clear them from any dull they may have contraded from the 
other crayons, mixing with the lake fome bright vermilion ; 
and laftly, (if the fubje^t require it,) give a few touches of 
the orange crayons, but with great caution. This being 
done, fweeten the part with the finger as lightly as poifible, 
led it produce a heavy difagreeable effect on the cheeks ; for 
the only method of imitating a beautifixl complexion, confifts 
in one colour (bowing itfelf through, or rather between, other 

colour^.. 

The eye is next to be executed. This is generally found 
Che moft difficult feature in the hice, as every part mud be 

exprefled 
4 
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expceffed with tM graleft nicety^ and wiik the tnit pio« 
podioau Yhe fludent ihouM, thcxsfocc, uie bis cnyons, 
in fvecteiungthia feature^ as much, and his fiogsr as iittk, as 
poffibU^Jtirbeo it it ncceflary to have a point to the crayoa^ 
io touclta CvntXl part with, he may break off a little oC hia 
qa/on ag;ainfl thebox, which will give it a (harp comer. If 
tnt eyelaihcs be dark, be luuft ufe forue of the carauoe, and 
brown ochre, and the crayon of carmiuc and black ; and with 
tbefe he may alfo touch the iris of the eye (if brown oc 
rl), making a broad (hadow, caufed by the eyelalh. The 
of the e)'e are executed with red dnts, of vermilion^ 
carmine, and lake; taking care that the eyelids are not too 
red, otherwife they will liave a difagreeable appearance. 
The pupil of the eye mud be ir.aiic of pure lamp black. 
Between the pupil and the lower pan of the iris, the light is 
apt to catch very (trong; but it mud not be made too 
fudden, but be gently diffufed round the pupil, till it be loft 
in (liadow. Tl\c tycbulls being fuiBciently finifiied, the fmall 
iliiningfpcck mull ladly be made with a pure white crayon, 
which (liould be Or ft broken to a point ; the (pot is then to 
be laid on firmly ; and if it iliould happen not to be perfeAly 
round and neat, it may be corre(5led with a pin, taking off 
the redundant ptU-ts, which will reuder it perfedly neat. 

The nofe is next to be iiuiflied, in which the chief diffi* 
culty confids in determining the lines {b artfully, and blending 
them into the chctk, fo as to give it its true projedion* and 
to leave no real line difcernible, upon the clofeft examination. 
In fome cafes, it diould be quite blended with the cheek, 
which is to appear from behind it, and determined entirely 
with a flight touch of red chalk. Tlie (hadow caufed by the 
nofe is generally the darked in the whole face, and has no 
refle6lion from its furrounding parts. The beft colours for 
this, are carmine and brown ochre, carmine and black« and 
fuch brilliant cravons. 

The lips, being fird prepared with the ftrongeft hke, 
<Mrmlne, &c. mud now^ with the itme cobunrsi be made 

completely 
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<X)mplttcly 'corfe6b : and in thc'finHhmg, Iktve -a Httlc trfthe 
ftrong yermiHon ; but -with great camion^ as tfah colour h 
very predominam. This Golour, if properly ufJd, *will fJLfft 
the lips an appearance eqaal, !f not fupeHor, 'to '&t6tk met* 
cvted in oils, notwithfiandlng the great advantage "ihelltttr 
have, by glazmg, of which the former is deflltute. - ' 

Iq painting the neck, the fludent fhould carefully airAB 
f;iving too much eXpreffion to the mufcles, in the'fi«m ; itd 
alfo be careful that the bones appear tiot too promintnt on 
the cheft, as either of them has an tiopleafiagefTe^ «iiB 
denotes a violent agitation of the body, ixrhidi *k U\IBu§m 
oeceffary in portraitfpainting. The mofl neceflary part to 
be exprefTedy is a drong marking juft above the place v$htn 
the collar-bones unite. This fliould always beexpreffed even 
in the mod delicate fubjc6ls ; and if the head be thr^n 
iiuch over the fhoulders, the mufcle that rifes from behind 
itie ear, and is inferted into the pit, between the collar- 
bones, fhould be faintly marked. But, in general, all infe- 
rior mufcles fhould be quite avoided, and not noticed. Many 
artifls, in the portraits of thin perfons, mark the mufcles of 
the neck too evidently. The neck fhould, in general^ have 
a fmall addition to the length, as few necks are too long; 
and nothing is more ungraceful than a neck too fhort; the 
ftem of the neck fiiould have a pearly hue ; and the light 
fhould not appear too flrong upon the cheft. The breaft 
alfo (if any pir: appears) fhould be exprefTed by pearly tints, 
but blenued with beautiful vermilion in the upper part 
thereof. 

Of Drapery. 'i 

The drapery, by many young artifh, is thought to rtqpim 
very little attention ; but this is an egregious miflake. Ah 
eminent painter being afkcd, what part of the piAure he 
thought the mofl difficult to execute ? he anfwmd, T"* 
•jkbpefy^^amd the befl judges of the art have univerfally 

' allowed 



44B Of DRAWING. 



allowed it to be a Teiy difficult part to execute witb tafte. It 
is not fuficieot that the (ludent be able to give the effe^ of 
SJkf fittiiit cloth, &C. fo as to deceive the vulgar eye. This, 
the fenrile copyift may effect by the mere dint of labour, and 
fo fuch perfe^ion, a$ to make the imitation pafs for reality ; 
but tbeeflential attributes of good drapery are, to make the 
ibUt in fuch a judicious manner, as to give grace and dignity 
to the figure: to clothe it, uninfluenced by prejudice, fafiiion, 
or caprice, fo u to bear the teft of ages: thefe it is that 
cequire the greateft. exertion of genius, and difpUy all the 
povmrs of a refined taOe. 
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MBCBSSARY BBCEIPTS FOR THOSE WHO PAINT IN 

WATER COLOURS. 



To make Gum Water. 

JJlSSOLVE one ounce of pure gum-arabic, and half ah 
ounce of double- refined fugar, in a quart of fpring water : 
(iFain it through a fine (ieve, or piece of fine muflin, and 
boule it up for ufe, to keep it from the dufL 

Or, fecondly, take fome of the whiteft fort of gum*arabic, 
bruife it, and tie it up in a piece of woollen cloth ; and deep 
it in fpring water till it be dilTolved. If it be too (liff, add 
more water ; and if it be too thin, more gum. 

With this water, mod of the colours are to be mixed ; and 
in fuch a proportion, that the colour may not rub off, when 
dry. If the colour fhine, it is a figa there is too much gum 
ii4 the water. 
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To make liquid Gold /or painting on VeUunij ffc, 

Crind fome of the fineft leaf gold with ftrong gum water^ 
very finely, adding more gum water in the grindiogi as jou 
fee neceflary. When it is ground very fine, Mrafh it in a Urfgi 
(hell; then temper it with mercury fublimate, and bind it 
in the fhetf witha little diilblved gum, ihaiuag and fpreading 
it equally all over the flielL When ufed, it is mixed with 
fair water only. The (belli are alfo fold, ready prepared, at 
the colour- (hops. 

To make liquid Silver for the fame Purpofe. 

The procefs for this is the fame with the ibr^omg: but 
in ufing this, it muS be tempered with glare of eggs, inftead 
of water. 

To make the Glare of Eggs. 

Take the whites of eggs, and beat them with a (poon till 
they rife in a froth : let them (fand all night, and they will 
be darified into a good glare. ^ 

To make Colours for wa/king Maps. 

Colours proper for wa(hing nups are obtained by boiling 
different kinds of wood, or (bining fubftances, in water, as 
logwood for purple, cochineal for red ; Brazil, madder, 
turnfol, &c. 

To keep mner Colours from finking. 

Wet the back of the print with a folution of four ounces 
of roach alam in a pint of fpring water, before the colours 
^xt laid on j letting the paper firft be dried from the alum 

water. 
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. jjy jntdrf^his ■ Will prcvciif (he cof<>n»$. ftpnci fiakij 
' , J* ' ^v% •tb^ an additional beauty ami .'Kiftre j . . ao4' li 
^•J^ ip^gieq|i^;tliccn from fediug. If the p«pe{\ii not g( 

J&oiiU k^e«wa(hed three or four times with Aeivaijtif^^^iig 
' il every., ttme. > ' •-^V *. 

.■.*•.•■ . . ■ -. -'t . 
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\-\ t% fft^A^ Sisi^forpmhling SceneSf Cr x)therCan(Utiilighi 
•: • • -v Pmces. • • . . . •..•! . .• • 
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. When the colours, mixed with gum' w^ter, .are laid^npdn '* 
• . ^yfurfaccy they are apt to produce af glare b%candl(f light ;^ 
; - ' *;to .preyent which, the colours (hould bf mixed w{|h the 
' • fo^owing Hze, while it is warm :— Steep z Quarter of a'poun4 

oStbie cuttings of white leather for fomexime iir -Water; oic 
^jf^fetthc fpace of two or three days : th^n take them out, and 
^; *i -boll-ihem in three quarts of water, till' If bt confqmed to 
^ ' ^ ofji^ pint, and drain it through a cloth. }/ it feel firm 
1^ V ntir^ yodr hand when it is cold, it it a (ign it is bf sl Oifii- 
. * Jeif*it ftrfengtli. ;.' 
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i *• T. * ' Tolay'Mexxotinlo Prinls Upon Gla/sj. 

r" • 'V •• .. 

'% . .'liaifffig a clear plate of glafs, as ftraight a$ poffible, and 

^.uttWIarg^r than the print.' to be ..bid upon'-'iit, loak the 

» ^ '^pfin(*ii^Viu;m water for abptir!^ hour, and \('ith a thin, 

' • flexible pa11c{' knife, fpread fome- Venice- turpemine; or good 

.' ' Varnijfi -^iry thinly and evenly oV'cr- one fide of the glafs, 

.• obferving * to keep the* glafs warm, thai it 'fpread the 

betteri^and taking cape that there be not the lead fpeck in 

the'gF^ uncovered with the turpentiiie ;. then take. the print 

1 • out of the watery and fprteid it between two clotl^, or fe- 

, •Vci^llftilte'bffofr paper, iii"©}^' ?l5^ai^rb the1i^ •.. 

■ • ; ^ tvafv". ^ Nfcxt lay the print on. ihe^gfaffeb>' degrees, begifuiing' . 
• * • ^Dorfe.end, and broking ouiward (tikt part which i^ failened 

• .•■•^•■•>tt> 3 *« * ■*•;;;'•• ^ y- c- 
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to the gU^ that no wind or water may lie betwixt tK priftt '\» 
mnd the glafs, as that would caufe biiflers. The pHij^ being 
laid in the moft.exaft manner upon the glafs, it b netlkto b^^ L* 
rubbed with the finger, or a piece of linen cloth, until all thp 
thicknefs of the pap)er rolls off in finall rolls, and nothing 
is left on the glafs but a thin film, like a fpidcr*; ^cb^ 
which will be held fad to the glafs by the turpentine. When 
the print is fo large that fome part of it becomes jdry, be* J • 
fore it be rubbed ; it fhould be wetted with a little water on^ 
the ehd of tlie finger, which mufl be done as'pflen as is 
requiCte, to Keep the paper moift ; for when it is dry « will 
not rub off. "Great care b neceflary in rubbing the paper off, -. 
that no holes are made in the print, particularly in the ; 
lights, which are the moil tc:nder parts. When the print 
h rubbed, till it appears tranfparent on the back, it ihould , 
be fct up to dry for three or four hours ; after which, vamifh 
it over with turpentine, or maflic varnifh, two or three tim^, ' ' 
or till it appear tranfparent ; then, it having flood a d^ 0r 
two to dry, it is to be painted with fome of the fotlAving* *' 
colours:— . • 



Colours proper for painting upon Glafs* 

• •• • 

The colours necedary for this procefs are to be pk>cufed* 
at the colour-fhops, prepared in fmall bladders, atn^ reafon-* 
able rate ; and are generally formed of flake white,* lamp- 
black, umber, vermilion, mafticote, Pruffian blue, verdigrife,- 
&c. Ultramarine for blue, and carmine for red, afe beft kept 
in powder, as being leafl liable to wafte in that flare, andt 
when wanted for ufe, a fitiall quantity may be mixed up^ 
with a drop or two of nut oil, with the pallet knife ; is rpay 
alfo any of the other colours, where they cannoH k^ had^* ■ 
ready prepared from the fliops. , • ^ , 
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. To get the Colours out of Ae Bladders. 

Prick a fmaU hole near the bottom, anfl prefs the bladder 
until enough run out for prefent ufe, for if theytlatid open 
they are apt to fpoiL 

With thefc colours any tints or (hades whatever may be 
exa^ly imitated, by the different ways and methods of mixing 
them, according to judgment. 

To life the Colours, 

The lighter colours are to be firft laid on the lighter parts 
of the print, and the darker colours are next laid over the 
(haded part, and in tl>e regular order in which the ihade^ 
^deepen ; for when the brighter colours arc once laid on, it 
js not material if the darker colours be laid a little over 
than : as the colour firfl laid on will alwavs hide thofe laid 
<5n afterwards. The colours are not to be laid on^ too thick: 
and if any of them be too thick in confidence, they fliould 
be thinned, before they are ufed, with a little oil of tur- 
pentine. 

If tny of the colours be too ftrong, or dark, they may 
be lightened to any degree, by mixing more or lefs while 
with them on the pallet ; or if they be too light, they may 
be darkened to any degree, by mixing them with a deeper 
ihade of the fame colour. 

Note. It is neceifary to have a pencil for each colour; but 
that pencil which has been ufed for green (bould never be 
ufed for any other colour, without firfl wafhing it well with 
oil of turpentine, as green will always appear predominant 
when tne colours are dry. And it is alfo neceflary to walh all 
.4be pencils in oil of turpentine after ufing t^em. 

7> 
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TowfffiiQMy hm/ier very JIm Jbr Colours. 

Jill a lain winc-claft wi& dear water, and put theitici 
half aa oum of the colour you intebd to waih ; ftir it nM 
with a knife r then after it has ftood about ten fecondai in 
order to let the gritty parts fettle to the bottoo), pour k into 
another glafs^ and there let it (land till the next day ; tiien 
pour off the water, and the powder will be Idt very fine, 
which is to be dried and put up for ufe. Sonne powders will 
require a longer time to fettle in the water, and therefore 
muft be pennitted to ftand bnger. 



^To make the left drying Oil for painting in Oil CoUurs. 

Boil fome linfeed oil, in which is a little litharge of gold, 
over a flow fire, obferving that it does not boil too nnuch, 
#therwife it will prove too thick, and will not be fit for ufe. 



To make the Turpentine Fami/h. 

Ihjt one ounce of Venice turpentine into an earthen pot 
or pipkin, which place over a (low fire, and when it is dif- 
ibived, add thereto two ounces of oil of turpentine : when 
it boils, take it off the fire ; and when it is pcrfe^iy cold 
lK>ttle it up for u(e : for this, as well as all other vamiftes, 
ibould be clofe (lopped up, to fecure it from the air. With 
this varniQi, prints on glafs, or other things, may be var- 
niflied, in order to render them tranfparent : if the vami(h 
Aould prove too thick, it may be thinned with a little oil of 
turpentine ; and if too thin, add a little Venice turpentine. 
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To male the Mq/Hc Vamijh. 

- Put two ounces of the cleareft gum maftiC| finriy pow- 
dcredy iuto a bottle, with fix ounces of oil of turpentine : 
flop the bottle dofe, and (hake them well together, in order 
to incorporate them with each other. Then hang the bottle 
in a vefTel of boiling water for half an hour, taking it out 
three or four times to ihake it. If it be neceflary to make 
the vaniifli Wronger, it may hang a quarter of an hour longer 
in the boiling water. 



To make Camp Taper ^ with which a Terfon may write 
or draw, without Pen, Ink, or Pencil* 

Mix feme liard foap with lamp-black and water, into the 
con^ence of a jelly ; with this mixture brufli over one fide 
of the paper, and let it dry. When you ufe the paper, put 
it between two (beets of clean pper, with its bbck (ide 
downwards : then with a pin, a flick, or any other fubflance 
with a fharp point, draw, or write upon the clean paper ; 
find where the point has touched, there will be the imprcf* 
fion upon the lowemiofl flieet of paper, as if it bad be^ 
drawn or written with a pen. 

This camp paper may be made of any other colour, by 
mixing the foap with different colours. 

By this paper alfo any print or drawing may be exaMjr^ 
copied, by laying it under tlie fame, and tracing the out- 
^nes, 5cc. 
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The Method of taking ImpreJJions from Moulds^ 
Medalsy (^c. in Plqfter of Paris, and i/ierely 
cotinierfeiting the fame. 

Oil the furf «ce of the mould, or medal, with a piece of 
cotton, or camel-hair pencil, dipped in oil of olives ; put a 
hoop of paper^ or padcboard, round the medal, exactly 
equal to the thicknefs you would choofe your impreflion to 
be made: then mix fome plaftcr of Paris with water, to the 
confidence of a thick cream, and with a brufh lav it on the 
furface of the mould or medal, and immediately after lay od 
more plafler, to make it of a fufiicient thicknefs. By rub- 
bing it on the fur/ace oi the medal with a bniih, it will 
entirely prevent any air-holes from appearing on the furface 
of the imprefiions. After it has (lood about Iialf an hour, 
k will be fo hard, that it may be fafely taken off without 
breaking; then pare it fmooth on the back, and round the 
edges».and it will be done. If the weather be cold or damp, 
it fhould be dried before a brifk fire. Alfo, in the operation^ 
when the plafler is Lid on to a fufficient thicknefs, it fhould 
be fprinklcd with feme of the dry powder of plafler of Paris^ 
which makes it harder, and dry fooner. If the face of the 
medal only be covered with the line plafler,^ the coarfer fort 
will luif^'ci* to fill It up, which will be a coniiderable faving. 
And, Nvte^ no more plafler fliould be mixed at one time 
than is ufed, otberwife that which is mixed will thicken and 
fpoil; for, adding wattr to it to thin it, will totally prevent 
it from fetting bard a fetond time. 

.Having taken an impreffion from a medal, &c. according 
to the foregoing direflions, a plafler mould may be prepar^ 
from it, according to the following receipt, whereby a me- 
tallic ot wax imprefTuin may be again taken from the plafler 
inould, fo as to cxiu'lly rel'emblc the original. 
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To prepare a Plqfter Mould fo as tikake an Impre/Jioo, 

from it, 

§ 

m 
m 

Having prepared a pl^^r mould, according to the fore- 
going receipt| and letting it be qujte dry, dip it in the fol* 
lowing mixture : half a pint of boiled liofeed oil, and one 
ounce of fpirits of turpentine ; thefe are to be mixed well 
together in a bottle, and when wanted, the furface of the 
mould is to be dipped into it, and then fuffered to dry. 
When the mould has fucked up the oil on its furface, it is to 
be dipped again in the oil. This operation is to be repeated 
till the mould will imbibe no more oil, and the oil begins to 
(lagnate upo'n it ; then, with a little cotton wool, rolled up 
hard, wipe all the loofe oil off the mould, and put it in a 
dry place for a day or two, to dry, and the mould will acquire 
a very hard furface from the effect of the oil. When it is 
to be ufed, it mufl be oiled w)^ oil of olives, in the famp 
manner as before dire(5ted. By tliefe two methods, any medaf^ 
feal, or impreffion, may be fo exadtly imitated, that the new 
medal can fcarcely be diflinguifhed from the original. 

The Method of cajlivg Brimfione, and of giving it u 

metallic Glqfs, 

Melt fome ilone brimftone over the fire, in an iron ladie^ 
and let it flame for about five or fix minutes, then take it off 
the fire, and extinguifh the fiame, by covering the moutb of 
the ladle with a piece of board ; when it is a little cool, fo 
as not to feel gluey, or run ropy, it is then fit for ufe, and 
may be poured into the mould, in which it (hould (land five 
or fix minutes, and then be taken off; part it as before, and 
rub the furface of the impreffion over with fome cotton and 
the befl black lead in powder, which will give it a very fine 
metallic glofs. 
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7po wudte Sulphur rsd of green, and cq/l it in Moulds 

like Marble. 

Melt two ounces of the beft tSkke brtrnftone over a ^tle 
fire, without pemrittmg it to flame ; when melted, mix it 
well with one ounce of vermilion. Pour the compofition 
over the foHace of the mouM, and immediately pour it ofF 
ag^in, and fill up the mould to a proper thicknefs, with 
common brimftone; let it (hnd the fame time as before, 
then pare and rub over the furface with fome clean cotton, 
which will give it a poliih. The more impreffions there are 
made at once, melting the brimftone, the better it will be, 
becaufe the brightnefs of the red fodes the oftener it is 
melted. If it be required to be green, it is done in the fame 
manner, but adding a fmall quantity of fmalt infead of ver- 
nilion ; and it requires more ftirring to make it mix. It may 
ijfe be made to imitate a beautiful marble, by mixing ieveral 
colours feparately, and made in fmall fquares of equal fizes, 
which break into exad lengths, and difpofe them according 
to your fancy; after which, melt them together, and the 
colours will unite in a pleafing manner, and each will appear 
diftind* And, A^, when the brimftone is melting, be 
careful not to (hake it i and fuSer it to cool by degrees. 
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